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ABSTRACT :  Ckarges  of  Llthanol  and  H^O^/AI  velghing  50  and  3OO  pounds 
vere  fired  under  vater  to  obtain  shock  vave  and  bubble  measurements. 

Both  compositions  shoved  acceptable  agreement  lu  reproducing  the  conden¬ 
sation  effects  of  a  nuclear  bubble.  Simultaneous  simulation  of  the  shock 
wave  effects  was  not  obtained.  An  initiation  problem  with  the  H2O2/AI 
composition  vas  apparent  from  the  resvilts;  no  Initiation  problem  was 
indicated  for  Llthanol.  An  increase  in  bubble  parameters  with  increasing 
charge  weight  was  evident  for  both  compositions. 
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UNDERWATER  EXPLOSION  TESTS  OF  TWO  STEAM  PRODUCING  EXPLOSIVES 
II.  50-  and  300- Id  CHARGE  TESTS  (u) 


1.  INTRODUCTION  AND  BACKGROUND 

1.1  INTRODUCTION 

In  the  study  of  the  effects  of  underwater  nuclear  explosions, 
considerable  use  is  made  of  experimental  tests  using  conventional  explo¬ 
sives.  While  there  are  similarities  between  nuclear  and  conventional 
high  explosive  phenomena,  there  are  considerable  differences  in  scaling 
or  studying  effects  which  depend  on  the  bubble  contents,  such  as  migration 
and  blowout.  The  nuclear  bubble  consists  primarily  of  steam  resulting 
from  the  vaporization  of  the  surrounding  water;  on  the  other  hand,  conven¬ 
tional  explosives  generate  permanent  gases  as  a  result  of  their  chemical 
reaction.  Hius,  condensation  processes  of  the  steam  will  affect  the 
nuclear  bubble  behavior;  no  significant  condensation  will  take  place  with 
conventional  charges. 

Two  compositions  have  been  developed  which  produce  a  condensible  gas 
bubble  and  which  can  be  fired  in  sizes  up  to  several  tons.  El^t  and 
slxteen-lb  charges  of  these  compositions  have  previously  been  fired 
(HeathcoLj  and  Rillllps,  I966)*.  As  part  of  their  eveduation,  50“  and 
300-lb  cheurges  of  these  compositions  were  also  fired.  This  leport 
presents  the  results  of  these  tests. 

1.2  BACKGROUND 

When  an  explosion  takes  place  under  water,  energy  is  reuiiated  outward 
in  the  form  of  a  shock  wave.  The  gases  from  the  detonation  reaction  are 
contained  by  the  surrounding  water.  The  high  internal  pressure  of  these 
gases  pushes  this  water  outward  and,  if  the  explosion  takes  place  at  a 
sufficient  depth,  a  spherical  bubble  ^s  formed.  This  bubble  continues 
to  expand  and,  because  of  inertia,  reaches  a  maximvD  size  with  the 
internal  gas  pressure  lower  than  the  hydrostatic  pi’sssure  of  the  sur- 
roimdlng  water.  The  bubble  then  contracts,  reaches  a  minimum  size,  emd 
re-expands.  At  the  time  the  bubble  reaches  its  minimum  size,  a  pressure 
pulse  is  emitted.  Tne  bubble  also  migrates  upward  during  the  time  shortly 
before  and  after  the  minimum. 

The  maximum  bubble  radius,  A  ,  which  the  gas  bubble  attains  is 
given  by  (Cole,  1948): 

M  1  ^ 

V  —  *  —  / 


where:  A  *  maximum  bubble  radius,  ft 

max 

J  =  bubble  radius  coefficient  characteristic  of  the 
particular  explosive 

*  BlbllograiAiy  is  on  page  84.  ^ 
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W  =  charge  weight,  lb 

Z  =  hydrostatic  pressure  at  charge  depth,  ft  H^O 
The  period,  or  time  at  \rtilch  the  minimuii  radius  occiu's,  is  given  by: 

ul/3 

=  (1.^) 

Ij 

where:  =  first  bubble  period,  sec 

K  =  bubble  period  coefficient  characteristic  of  the  particular 
explosive 

For  conventional  field  explosives  such  as  pentollte,  TOT,  and  HBX-1, 
it  has  been  found  that  the  ratio  of  J  to  K  is  essentially  constant, 

(Snay,  1961+ ),  thus: 


I  ==2.90  (1.3) 

For  field  size  explosions,  J  has  generally  been  calculated  from  the 
above  equation,  using  the  measured  period  to  calculate  K.  However,  it  is 
well  known  that  T]_,  and  thus  K,  are  affected  by  the  proximity  of  surface 
and  bottom.  These  effects  must  be  fully  accounted  for  to  obtain  an 
accurate  value  of  J.  In  addition,  Snay  (i960)  has  predicted  that  for 
highly  aluminized  explosives  this  ratio  will  decrease  by  about  four 
percent.  Since  both  the  steam  producing  charges  contain  a  relatively 
high  percentage  of  aluminum,  the  relationship  given  in  Equation  1.3  may 
not  be  valid.  In  order  to  obtain  an  independent  measuremc"'-  0/ 
and  to  check  on  the  possible  reduction  in  the  J/K  ratio,  a  probe  has 
been  developed  to  measure  this  phenomenon  (ihllllps  and  Scott,  I965). 

The  bubble  continues  to  pulsate  and  migrate  upward  until  its  energy 
is  dissipated  or  until  it  reaches  the  water  surface.  In  the  case  of  a 
nuclear  bubble,  the  gaseous  contends  are  primarily  steam.  As  the  nuclear 
bubble  pulsates  and  migrates  towai-d  the  surface,  energy  is  rapidly  dis¬ 
sipated  through  condensation  of  this  steam.  Snay  (i960)  has  predicted 
that  the  nuclear  bubble  will  show  no  more  than  three  significant  bubble 
pulses  because  of  this  condensation.  Conventional  high  explosive  charges 
have  been  known  to  pulsate  as  many  as  seven  times  (Arons  et  al,  19^7). 

Very  little  information  is  cui'rently  available  on  the  pulsation, 
migration,  and  dissipation  of  energy  of  a  nuclear  bubble.  Bubble  period 
measurements  have  been  obtained  on  only  one  underwater  nuclear  test. 
Operation  wigwam,  a  32-kt  device  flieu  at  a  depth  of  2,000  feet  (Aronson 
et  al,  1956).  No  pulse  was  observed  on  Shots  Wahoo  of  Operation  Hardtack 
and  Sword  Fish  of  Operation  Dominic;  Shots  Baker  of  Operation  Crossroads 
and  Umbrella  of  Operation  Hardtack  were  too  shallow  to  produce  pulses. 
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In  addition  to  the  nuclear  data,  some  Information  on  non-mlgretlng 
steam  bubbles  was  obtained  wlch  small  bubbles  produced  in  a  tank  with 
sparks  (Hudson,  1955).  A  chemical  explosive  detonator  which  produces  a 
condensible  product  bubble  Is  currently  being  developed  at  NOL  for  use 
In  smell  scale  tank  studies.  Exploding  wire  t^chnlques  have  been  used 
by  the  NaveJ.  Radiological  Defense  Laboratory  (’IRDL)  In  their  test  tank 
for  studies  of  migration  and  the  resultijig  ’I"- :rlbutlon  of  radioactive 
debris  from  an  underwater  nuclear  explosion  ^3untzen,  1964). 

Results  obtained  in  tanks  utilizing  these  various  steam  generating 
techniques  are  used  to  develop  scaling  methods  for  extrapolating  the 
results  to  full  scale  nuclear  explosions.  It  la  necessary,  however,  to 
check  the  validity  of  these  scaled  results  with  soue  full* scale  test 
results.  Because  of  the  limited  amount  of  actual  nucl/^eo:  test  data  cur¬ 
rently  available  and  the  uncertainty  that  more  will  be  obtained,  It  Is 
necessary  to  obtain  such  Information  of  field  scale  experiments  using 
charges  producing  condensible  bubbles. 

In  the  case  where  the  explosion  takes  place  at  a  shallow  depth, 
(generally  defined  as  a  depth  shallower  than  the  maximum  bubble  radius) 
the  bubble  does  not  migrate  but  pushes  the  water  outward  above  the  ori¬ 
ginal  water  surface.  The  bubble  Is  contained  by  a  seal  of  continuous 
water  which  eventually  niptiu-es  and,  if  the  internal  pressure  of  the  gas 
is  higher  than  atmospheric,  an  outflow  of  these  gases  will  occur.  iMs 
outflow  Is  referred  to  as  blowout  euid,  in  the  case  of  a  nuclear  explosion, 
expels  radioactive  contaminants  into  the  atmosphere.  It  Is  believed  that 
blowout  Is  affected  by  the  steam  In  the  bubble  which,  upon  meeting  the 
ambient  atmosphere,  condenses  and  thus  tends  to  seal  up  these  holes. 

Because  of  this  condensation  effect.  It  Is  not  possible  to  study  realis¬ 
tically  the  phenomena  of  blowout  (especially  the  transition  region  from 
blowout  to  blow-ln*)  using  conventional  explosives. 

At  shallow  burst  depths,  the  column,  is  TDOvlng  at  or  near  supersonic 
speed  and  an  air  shock  wave  Is  formed  which  may  affect  the  safe  delivery 
range  in  the  case  of  an  air-delivered  nuclear  weapon.  It  Is  believed 
the  peak  pressures  In  this  shock  wave  are  enhanced  in  the  presence  of 
blowout.  Thus,  It  Is  desirable  to  use  a  steam  charge  to  study  blowout 
and  alrblast  resulting  from  shallow  underwter  explosions,  in  order  to 
obtain  more  realistic  safe  delivery  ranges  for  a  nuclear  burst. 

1.3  CONDEiniBIiL'  PRODUCT  (oTEAK)  CHARGES 

Tv/o  caipositions  have  been  ievelope  .  by  the  Chemical  Engineering 
Division  at  NOL,  after  extensive  laboratory  tests,  as  possible  explosives 
for  field  scale  e:<periments  that  require  a  condensible  product  (steam) 
bubble  (Murphy,  I963).  The  first  of  these  explosives  Is  a  lithium 
perchlorate  trlhyilrpte/niuminnri  composition  (LICIOj^ . 3H^0/a1  )  mixed  in  a 
69/31  percent  ratio  by  weight.  This  composition  Is  referred  to  as 
-Llthanol.  The-  secon(J  Is  a  hydrogen  peroxide/aluminum  composition  (H^O-^/A*) 

*  Under  certain  conditions,  the  seal  of  water  ruptures  when  the  Internal 
pressure  Is  less  than  atmospheric  so  that  air  rushes  into  the  bubble. 
This  is  called  blow-in. 
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mixed  in  a  65/35  percent  ratio  by  veight.  Both  compositions  are 
stoichiometrically  balanced,  the  aluminvrm  combining  -with  the  excess 
oxygen  to  form  aluminum  oxide  (AL^O^),  a  solid  residue.  Other  products 
formed  are  water  soluble  solids  and  water  in  the  form  of  steam.  The 
chemical  reactions  taking  place  for  these  compositions  are. 

3  LiCl0f^-3H20  +  8  A1  -  3  LiCl  +  4  Al^O^  +  9  H^O  (I.3) 
3  +  2  A1  -  Al.jO^  +  3  H^O  (1.4) 

Underwater  tests  have  been  made  with  berth  compositions  using  8- 
and  16-lb  charges  (Hiillips  and  Heathcote,  19t>6),  and  information  was 
obtained  on  both  shock  wave  and  biibble  peuremeters.  These  results  are 
svnnmaxized  in  Table  1.1. 

The  data  obtained  are  siifficient  for  computing  the  conditions  where 
these  compositions  would  scale  nuclear  explosions.  However,  it  was  felt 
necessary  to  fire  larger  charges  of  both  compositions.  First,  both 
explosives  eure  relatively  insensitive  and  may  not  be  detonating  properly 
in  small  sizes;  thus  the  data  in  Table  1.1  may  not  be  correct  for  large 
charges.  Also,  information  on  later  bubble  periods  was  not  r)btained; 
such  information  is  needed  for  the  study  of  the  condensation  processes. 
This  information  can  he  obtained  only  from  fairly  large  charges  fired 
deep  eno^]gh  to  permit  the  bubble  to  oscillate  several  times.  Finally, 
since  very  large  (mu.lti-tou)  charges  will  eventually  be  req’olred,  fabri¬ 
cation  and  h£indling  procedures  m\ist  be  developed  using  relatively  large 
charges . 
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2.  EXPERIMEOTAL  PROGRAMS 

Two  separate  experimental  programs  were  fired  to  obtain  the  information 
presented  in  this  report.  In  the  first  program,  five  Lithanol  and  six 
pentolite  charges  were  fired  in  the  fall  of  1964.  All  weighed  approximately' 
300  lb.  'Hie  second  experimental  program  was  carried  out  in  the  summer  of 
1965.  Hiis  program  consisted  of  four  50- lb  and  three  30<^lb  pentolite 
charges;  four  50“ lb  Lithanol  diargea;  and  three  50- lb  and  six  300- lb  H  0  /ai 
charges.  Both  programs  were  fired  in  ChesapeaJte  Bay  out  of  the  Naval^ 

Ordnance  Laboratory  Test  Facility,  Solomons,  Maryland.  Charge  depths  for 
the  300-lb  charges  ranged  from  60  feet  to  100  feet  in  I50  feet  of  water. 

Ihe  50- lb  charges  were  all  fired  at  a  depth  of  100  feet  in  I50  feet  of  water. 
Tabulated  shot  information  is  given  in  Table  2.1. 

The  first  experimental  program  utilized  the  YSD-Ti^,  a  seaplane-salvage 
ship.  The  initial  portion  of  the  I965  experimental  program  was  also  fired 
from  this  ship,  but  the  last  portion  employed  a  YCK  stationed  at  UOLTF, 
Solomons.  The  YCK  was  a  wooden  hulled  barge  and  had  a  6-ton  crane  which 
was  used  in  handling  che  charge  and  instrumentation. 

2.1  nKTRL’MEHTATION 

Both  programs  were  instrumented  in  essentially  the  same  manner  to 
obtain  measurements  of  several  phenomena.  These  included  shock  wave  pressure¬ 
time  histories,  bubble  pulses  and  migration,  maximum  bubble  radius,  and  above 
surface  effects. 

Shock  wave  and  bubble  pulse  pressures  were  detected  by  a  vertical 
array  of  piezoelectric  (PE)  gages.  For  the  first  program,  up  to  13  gages 
were  located  on  two  strings  with  depths  ranging  from  20  feet  below  the 
water  sxcrface  to  20  feet  below  the  charge.  The  gages  were  equally  spaced 
vertically  at  20- foot  intervals  for  ranging  purposes.  For  the  second 
program,  as  many  as  10  PE  gages  were  vised.  Oaly  one  vertical  string  was 
Used.  Vertical  gage  spacing  was  the  same  as  the  previous  program;  however, 
some  doubling  up  of  gages  was  done  at  crucial  stations  to  provide  backup 
capability. 


■Hie  signals  generated  by  the  PE  gages  were  fed  through  approximately 
1200  feet  of  signal-free  cable  to  termination  units  and  into  a  tape  recorder 
located  on  the  firing  ship.  The  tape  recorder  used  was  an  Anq)ex  FR-6OO 
14- channel  magnetic  tpue  recorder  having  a  frequency  response  of  about 
20  Kcps.  Recording  speed  of  the  ro-600  was  60  ips.  10  Kcps  timing  was 
applied  to  one  channel;  calibration  steps  for  converting  deflections  to 


applied  to  the  other  uw  eciCii  sikcu. 

The  amplifier  gain  for  each  channel  was  set  for  the  pressvu*e  level  expected 
at  that  position.  A  gain  changer  was  employed  to  increase  the  gain  of  the 
recording  equipment  by  a  factor  of  I5  after  passage  of  the  shock  wave,  so 
that  the  bubble  pulses  would  produce  about  the  same  vertical  deflection  as 
did  the  shock  wave. 


6 

CONFIDENTIAL 


CONB’IDEIfflAL 
KOLTR  67-7 


Measurements  of  the  maxinaim  bubble  radius  vere  made  vith  the  NOL 
bubble  probe,  a  continuous  resistance  type  probe  vhich  detects  the  posi¬ 
tion  of  the  bubble  interface  by  measvtring  the  resistance  change  caused 
by  the  non-conductivity  of  the  bubble  gases  as  compared  to  the  conduc¬ 
tivity  of  the  saline  vater  (Hiillips  and  Scott,  I965).  The  change  in 
resistance  produces  a  change  in  current  of  an  electrical  circuit  vhich 
is  detected  by  an  AC  current  probe.  Recording  was  done  on  PoLaroid  film 
on  a  Telctronix  565  oscilloscope.  The  measuring  length  of  the  probe  was 
about  U  feet. 

Problems  vere  experienced  with  the  bubble  probe  on  the  initial 
program.  In  order  to  obtain  adequate  sensitivity,  it  is  necessary  that 
the  fixed  resistance  of  the  transmission  cable  be  small  compared  to  the 
change  in  resistance  produced  by  the  displacement  of  water  by  the  bubble. 
The  high  resistance  of  the  long  cable  used,  combined  with  greater  conduc¬ 
tivity  of  the  water  due  to  higher  salinity  than  expected,  rendered  the 
probe  relatively  insensitive  to  changes  produced  by  the  bubble.  The 
calibration  curve  obtained  is  shown  in  Figure  2.1;  it  will  be  noted  that 
orh'  a  12  percent  change  in  current  was  obtained  over  the  first  half  of 
the  probe,  rather  than  the  50  percent  change  that  had  been  obtained  in 
previous  uses  of  the  probe. 

For  the  19^5  program.  No.  0  cable  was  used  which  has  a  resistance 
of  only  0.1  ohm/1000  feet.  The  calibration  curve  obtained  on  this  program 
is  also  shown  in  Figure  2.1.  For  this  series,  a  kO  percent  change  was 
obtained  over  the  first  half  of  tile  probe,  which  represents  adequate 
sensitivity  for  obtaining  the  proper  bubble  measurements. 

Riotographic  coverage  was  obtained  by  two  35nim  cameras.  The  ceuneras 
were  located  aboard  the  firing  ship,  about  700  feet  from  the  charge  and 
were  located  on  deck,  about  15  feet  above  the  water.  These  cameras  gen¬ 
erally  were  equipped  with  50  and  100mm  lenses  and  were  operated  at  a 
speed  of  64  fr/sec.  Plus-X  film  was  used  and  100  cps  timing  dots  were 
applied  along  the  edge  of  the  film  for  determining  the  actual  frame  rate. 
The  photographic  coverage  was  obtained  primarily  to  correlate  discontinu¬ 
ities  in  the  observed  surface  effects  with  the  times  of  the  bubble  pulses 
and  to  detect  pulses  near  the  surface  which  would  not  appear  on  the  PE 
records. 

Scales  on  the  photographic  records  were  determined  by  photographing 
a  stadia  pole  located  on  the  charge  support  barrel.  The  pole  was  approxi¬ 
mately  12  feet  long  and  painted  alternating  black  and  ■vdiite  stripes  at 
one-foot  intervals.  A  one-foot  square  white  board,  with  a  black  line 
located  horizontally  through  the  center,  was  located  at  the  top  of  the 

f  *«cb»  wjr  wag  wchUtfC 

between  the  top  of  the  charge  barrel  and  the  horizontal  line.  Since  the 
stadia  pole  was  consteuitly  in  motion  due  to  wave  action  on  the  barrel, 
several  frames  were  measured  and  the  maximum  value  used  to  calculate  the 
scale,  as  it  was  assimed  that  this  measurement  represented  the  pole  in 
the  vertical  position. 


7 

CONFIDENTIAL 


CONFIDZHTIAL 
NOLTR  67-7 


During  the  coiirse  of  the  first  experimental  program,  an  accelerometer 
and  velocity  meter  were  added  to  the  probe  to  detect  any  motion  of  the 
probe  due  to  shock  wave  or  water  flow  from  the  expanding  bubble.  The 
accelerometer  used  was  a  Statham  strain  gage  linear  accelerometer  having 
a  range  of  ±  g.  The  velocity  mater  was  a  Consolidated  Electronic  Com¬ 
pany  (CEC)  inductance  type  meter.  The  output  of  both  instruments  was 
displayed  on  Tektronix  oscilloscopes  and  recorded  on  Polaroid  film.  For 
the  second  experimental  program,  two  accelerometers  were  used.  Both  were 
Statham  strain  gage  accelerometers,  one  having  a  range  of  ±  10  g,  the 
second  a  raiige  of  ±  25  g.  Output  of  these  strain  gages  were  amplified 
and  recorded  on  the  FR-600. 

On  the  ].965  series,  a  fiducial  mark  was  provided  on  the  timing  chan¬ 
nel  of  the  Fk-600  and  to  the  timing  light"  of  the  motion  pictirre  cameras 
to  indicate  the  actual  time  of  detonation.  This  was  done  by  monitoring 
the  current  flow  through  the  bridge  wir^  cf  the  detonator,  a  decrease  in 
current  indicating  when  the  bridge  wire  ’  rcke.  The  travel  time  to  the 
PE  gage  located  nearest  the  probe  rela-t  e  to  this  fiducial  was  converted 
into  distance  using  the  velocity  of  the  retonation  wave  through  the  explo¬ 
sive  and  the  shock  wave  through  the  water.  As  the  position  of  the  gage 
relative  to  the  tip  of  the  probe  was  accurately  known,  a  value  of  the 
Initial  standoff  of  the  probe  was  obtained.  This  method  of  determining 
initial  standoff  was  included  in  this  program  because  of  the  importance 
of  this  value  and  the  possibility  that  the  nominal  standoff  distance 
determined  from  surface  suspension  points  would  be  subject  to  the  unknown 
action  of  tides  and  currents.  In  most  cases  the  nominal  and  measured 
distances  agreed  quite  well;  however,  on  some  shots  the  probe  was  almost 
three  feet  closer  than  planned. 


2.2  CHARGES 

2.2.1  Pentollte.  Both  charge  weights  of  pentolite  were  spherical 
in  shape  and  were  cast.  Two  of  the  50“ll>  charges  were  cased,  two  were 
beire.  Almost  all  of  the  charges  had  the  bottom  half  covered  with 

a  case,  as  this  portion  was  used  to  suspend  the  charge.  On  a  few  charges, 
the  upper  portion  of  the  case  was  left  on.  The  cases  were  constructed  of 
l/8-inch  thick  aluminum.  The  chai’ges  were  cast  at  the  Naval  Weapons 
Station  (NWS),  Yorktown,  Virginia,  except  for  the  two  bare  50- lb  charges, 
which  were  cast  at  NOL.  These  two  charges  were  centrally  detonated  by  a 
single  Engineers'  Special  detonators  wired  in  parallel.  No  booster  was 
necessary  for  these  charges.  A  drawing  of  the  300- lb  pentolite  charge  is 
shown  in  Figure  2.2. 


2.2.2  Lithanol.  The  Lithanol  charges  were  also  spherical  in  shape. 
Because  this  explosive  is  a  loose  mixtxire,  it  Ajas  full>'  cased.  These 
cases  vere  also  constructed  of  l/d-inch  thicK  aluminum.  The  explosive 


S/  o>^OpJL.v.^v4  .XX&  j  CbiiU  OW 


NOLTF,  Solomons,  where  the  charges  AJere  actually  loaded.  This  procedure 
was  followed  because  the  lithium  perchlorate  i.s  hygroscopic.  ^■Jhile  the 
trihydrate  is  the  most  stable  of  the  lithium  perchlorates,  previous  batche 
of  this  material  were  fomd  to  contain  consi'ler.able  excess  Ajater.  The 
Lithanol  charges  Avere  centrally'  boostered  A.’ith  pentoiit-'  spheres  an! 
detoaatei  with  .I'nrineers'  .Special  ’.ctonators.  Tajo  of  the  50-10  charges 
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contained  1-lb  booster c  anl  tvo  contained  2-lb  booster  a.  All  of  the  3OO- 
It  Lithanol  charges  contained  10- lb  i-'entolite  boosters.  A  drnwin<2  of  a 
300-lb  Lithanol  charge  case  is  shown  in  Fi  au-e  . 

2.2.3  H  :/A1.  Unlike  the  otbs'r  'ha-'i  es,  the  H.  ,0  j/aI  charges  were 
cylindrical  in  "IhVd'o.  A.  craving  of  the  .  2  '-lb  case  is  shown  in  Figure  2.4. 
As  with  the  0-  an.  lo-lb  chra-ges.  this  snage  was  necessary  since  the  alumi¬ 
num  wool  had  to  be  coi  .nrejoed  before  it  v.’as  ioa  :e  !  into  the  case;  and 
pressing  the  wool  into  shanes  that  would  fit  a  cylinder  could  be  .readily 
aone.  Tli'  cylin  rl  jal  wal-ls  were  constructc'l  of  ,/l6-inch  aluminum;  the 
top  ana  bottoi'.  •..'ere  con.itrui.'te  of  3/ :-inch  alui.'.inum. 

Concentrated  hydrogen  peroxide  is  extreme.ly  reactive  with  certain 
metals  and  organic  compounds  (FtlC  Bulletin  104).  Therefore,  extreme 
caution  was  necessary  in  manufacturing  the  wool  and  cases.  The  aluminum 
wool  used  in  the  charges  was  made  by  machining  solid  bar  stock  at  a 
controlled  rate.  No  lubricating  oil,  which  would  contaminate  the  wool, 
was  required  for  this  process.  Individual  strands  were  about  O.OO5  inches 
thick  and  0.012  inches  wide  and  were  quite  sirailan  to  strands  in  steel 
wool.  Type  11  -  Med.tum  grade  -  hard  temper  IO60;  Mil-A-4864(ASG)  alumi¬ 
num  was  used.  Special  handling  was  used  at  all  times  to  ins'ure  that  the 
wool  would  not  become  contaminated. 

The  wool  was  pressed  into  discs  anv.  toroidal  shaped  sections,  l-l/4 
to  1-3/4  inches  thick,  so  as  to  stack  in  the  case  and  around  the  booster 
and  detonator  tube.  Attempts  were  made  to  obtain  uniform  volumes  for 
each  section  by  pressing  to  machine  stops  rather  than  to  a  predetermined 
ram  pressxire.  Rams  and  dies  were  made  of  aluminum  and  stainless  steel 
in  order  to  prevent  contamination. 

The  hydrogen  peroxide  is  u  liquid,  and  a  9^  percent  concentrated 
solution  was  used.  The  booster  and  aluminum  wool  were  loaded  in  the  cases 
at  NOL;  however,  the  peroxide  was  not  added  until  Just  before  the  charges 
were  placed  in  the  water  for  firing.  While  elaborate  precautions  had 
been  taken  in  manufacturing  the  cases,  in  pressing  and  loading  the  alumi¬ 
num  wool,  and  in  handling  the  cases  to  prevent  contamination,  it  was 
possible  that  small  amounts  of  contsuninants  remained  in  the  case  and 
wool.  Contact  of  peroxide  with  these  contaminants  over  a  long  period  of 
time  could  produce  sufficient  gas  to  rupture  the  case  or  force  some  of 
the  peroxide  out  of  the  case.  Sven  if  precautions  were  taken  to  prevent 
rupture  or  catch  spillage,  the  amount  of  peroxide  would  be  reduced  and 
the  required  explosive  output  would  not  be  obtained. 

The  loading  procedure  for  the  50-lb  E^02/A1  charges  was  similar  to 
that  used  for  the  8-  and  l6-lb  charges.  Because  of  the  large  cases  and 
consequently  greater  amount  of  peroxide  required  for  each  chsoege,  the 
procedure  was  modified  somewhat  for  the  300-lb  charges.  Tliis  loading 
procedure  is  illustrated  in  Figiare  2.5*  The  case  was  evacuated  through 
the  hose  located  on  top  of  the  case,  and  pieroxide  drawn  from  the  shipping 
drum  through  the  hose  located  in  the  bottom  of  the  case.  Wlien  peroxiac 
appeared  in  traps  located  in  the  vacuum  line,  the  case  was  corisidered 
loaded.  The  shipping  drum  was  weighed  before  and  after  loading  to 
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determine  the  amount  of  peroxide  I'jaded  into  each  charge,  vith  allovance 
made  for  spillage.  Valves  vere  located,  in  both  the  vacuum  and  filling 
lines  to  control  filling  of  the  case.  The  filling  line  contained  two 
valves;  after  completion  of  filling,  the  hose  was  cut  betv7een  the  two, 
the  second  valve  being  used  to  keep  the  peroxide  in  the  case. 

As  with  the  8-  end  l6-lb  charges,  difficulty  was  experienced  in 
obtaining  the  proper  percentage  mixture  of  the  constituents.  The  actual 
percentage  composition  of  these  charges  is  given  in  Table  2.2.  As  can 
be  seen,  the  average  percentage  comp>osition  for  the  50“lb  charges  was 
only  about  0.6  percent  different  from  the  required  composition;  for  the 
300-lb  charges,  the  average  was  about  2.2  percent  different  from  that 
required.  Fortunately,  this  percentage  difference  for  the  300-lb  charges 
was  in  terms  of  excess  aluminvjn;  excess  hydrogen  peroxide  would  have 
introduced  permanent  gases  into  the  explosion  bubble. 

2.3  CHARGE  AND  THSTRUi^gM*  RIGGING 

The  method  of  supporting  the  diai’ge  and  instrumentation  was  essen¬ 
tially  the  same  for  both  programs.  The  method  used  on  the  second  series 
is  illustrated  in  Figure  2.6.  The  charge  and  probe  were  supported  by 
vertical  cables  attached  to  surface  floats.  Three  drums  were 

used  in  each  of  the  two  float  assemblies  for  supporting  the  probe; 
the  horizontal  distance  between  the  floats  was  10  feet  for  the  first 
series  and  15  feet  for  the  second  series.  The  change  in  horizontal  dis¬ 
tance  for  the  two  programs  was  drs  to  a  change  in  the  type  of  probe  holder 
used.  One  55-sallon  drum  was  used  to  support  the  charge.  The  horizontal 
distance  between  the  charge  float  and  the  front  probe  float  varied  from 
shot  to  shot  as  the  Suspension  system  was  designed  to  position  one  half 
of  the  probe's  measuring  l^,ngth  (2  feet)  within  the  bubble;  thus,  expected 
changes  in  bubble  radii  required  changes  in  the  charge-to-probe  distance. 

The  vertical  cables  used  to  support  the  probe  and  charge  were  made 
up  of  sections  of  3/O-inch  wire  rope.  One  end  of  each  section  was  fitted 
with  an  end  link  and  the  other  end  was  made  up  into  an  eye.  The  leiigth 
of  the  sections  was  determined  by  the  height  capability  of  the  crane 
used  and  the  depth  of  the  charge.  When  using  the  YSD,  cable  sections 
up  to  40  feet  in  leng<:h  could  be  handled.  The  maximum  length  which  could 
be  handled  aboard  the  YCK  was  20  feet.  Shorter  lengths  were  then  used 
to  adjust  the  overall  length  to  the  required  charge  depth. 

A  horizontal  spacer  cable  was  located  Just  beneath  the  surface  floats. 
Sx>acer  cables  were  also  located  20  feet  above  and  below  the  ^large.  These 
spacer  cables  were  used  to  insure  proper  stand-off  distances  between  the 
probe  and  chairge  in  case  of  \inusT.ially  strong  tidal  currents  at  the  charge 
depth.  Weights  were  attached  beneath  the  charge  and  probe  to  provide 
additional  stability. 

The  two-point  suspension  for  the  probe  was  handled  by  using  a  strong¬ 
back  attached  to  the  crane  hook.  When  raising  or  lowering  the  probe,  the 
end  links  were  used  to  stop  off  the  cable  while  the  following  sections 
were  attached  to  the  strongback  for  lifting.  This  procedure  was  repeated 
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until  the  probe  was  supported  on  the  floats.  The  lowering  of  the  charge 
was  also  done  in  sections,  using  lines  equipped  with  release  hooks  attached 
to  successive  end  link  sections. 

In  placing  the  rigging  for  a  test,  both  the  probe  and  the  charge  had 
to  be  lowered  simultaneously,  since  the  horizontal  spacer  cables  near  the 
charge  were  attached  prior  to  lowering.  Also,  the  horizonteil  spacer  cables 
near  the  charge  had  to  be  under  tension  at  all  times  to  prevent  fouling 
with  the  probe. 

The  method  of  holding  the  probe  was  somevdiat  different  for  the  two 
programs  and  is  illustrated  in  Figure  2.7.  On  the  initial  program,  there 
was  concern  that  cables  between  the  probe  and  charge  would  wrap  around 
the  probe  during  the  shot,  thus  shorting  it  out.  Therefore,  the  probe 
was  located  at  an  angle  of  45  degrees  above  the  horizontal.  After  dif¬ 
ficulty  was  e.cperienced  in  obtaining  data  w;  1  the  probes,  the  probe  was 
moved  to  a  horizontal  position  as  it  was  co»  <dered  possible  that  the 
probe  was  experi'-’r.cing  so  ..aisual  motion  ..n  the  45  degree  position. 

As  indicated  previously,  the  problem  was  subsequently  found  to  lie  In 
the  sensitivity  of  the  probe. 

Sccausc  no  problems  wei'e  experienced  with  shorting  of  the  probe,  a 
simpler  suspension  metho<1  was  used  for  the  1965  program.  The  probe  was 
located  on  the  end  of  a  solid  circular  steel  bar  3-1/2  inches  in  diameter 
and  20  feet  long.  This  bar,  ^ich  weighed  about  65O  pounds,  was  used  to 
pro'/idc  mass  and  thus  minimize  any  motion  of  the  probe  due  to  water  flow 
from  the  expanding  bubble. 

Thie  two  vertical  cables  were  also  used  to  support  the  PE  gage  strings. 
Gages  were  located  on  both  strings  on  the  first  program;  only  the  front 
cable  was  utilized  on  the  second. 

After  the  entire  rig  was  at  the  proper  depth,  it  was  then  towed  away 
from  the  ship  to  a  distance  of  about  700  feet,  ^ere  the  charge  was  deto¬ 
nated.  A  series  of  floats  (5-Ballon  cans)  along  the  tow  cable  supported 
the  PE  gage,  probe,  and  firing  cables.  The  tow  cable  was  attached  to  the 
spacer  cable  beneath  the  floats,  and  this  line  was  kept  under  tension  to 
maintain  the  proper  spacing  of  probe  and  charge.  The  rig  was  also  towed 
with  the  tide  so  that  the  current  assisted  in  maintaining  proper  orienta¬ 
tion. 
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TABLE  2.1  EXPERDCmL  CONDITIONS 


Shot 

No. 

Date 

Explosive 

Total  Weight 
of  Explosive 

(lb) 

Booster 

Weight 

(lb) 

Depth 

ofi/ 

Burst^ 

(ft) 

PW-E2 

9/25/64 

Pentollte 

316 

— 

100 

PW-23 

10/1/64 

Pentolite 

310 

— 

80 

PW-24 

10/21/64 

Pentollte 

315 

— 

80 

PW-25 

10/26/64 

Pentollte 

314 

— 

100 

PW-26 

11/4/64 

Llthcmol 

284 

10 

100 

PW-27 

11/9/64 

'  hanol 

285 

10 

100 

PW-28 

11/9/64 

Pentollte 

316 

— 

100 

PW-29 

11/10/64 

Pentolite 

312 

•»» 

60 

PW-3O 

11/10/64 

Litnanol 

286 

10 

60 

PW-31 

11/16/64 

Llthanol 

300 

10 

60 

PW-32 

11/16/64 

Ldthanol 

286 

10 

80 

PW-34 

8/5/65 

Pentolite 

5C^ 

— 

99.0 

PW-35 

8/12/65 

Pentolite 

50^ 

— 

100 

PW-36 

8/13/65 

H2O2/AI 

41.1 

1 

100 

PW-37 

8/16/65 

H^Og/Al 

41.9 

1 

99.0 

PW-38 

8/17/65 

H^02/a1 

h -7 

-r-T*  1 

1 

99.3 

PW-39 

8/24/65 

Pentolite 

304 

— 

80 

FW-40 

8/25/65 

HpO.^/Al 

257 

9 

80 

pv<-4l 

8/27/65 

H^O^/Al 

261 

9 

80 

PW-42 

8/30/65 

Pentolite 

306 

— 

100 

pw-43 

9/2/65 

H^O^/Al 

263 

9 

100 

IE 
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TABLE  2.1  EXPEREffimL  CONDITIONS 
( continued ) 


Shot 

No. 

Date 

Explosive 

Total  Weight 
of  Explosive 

(lb) 

Booster 

Weight 

(lb) 

Depth 

1/ 

Burst—' 

(ft) 

PW-44 

9/3/65 

h_jO^/ai 

265 

9 

100 

PW-45 

9/7/65 

Pentolite 

53. « 

— 

9B.I 

PW-46 

9/7/65 

Lithanol 

52.0 

1 

98.0 

PW-47 

9/7/65 

Lithanol 

53.3 

2 

r\r\  r\ 

9/9/65 

Lithanol 

52.2 

1 

97.5 

PW-49 

9/9/65 

Lithanol 

52.2 

2 

97.3 

PW-50 

9/9/65 

Pentolite 

53. B 

97.0 

PW-52 

10/13/65 

Pentolite 

303 

-- 

60 

Fw’-53 

10/13/65 

h^o^/ai 

267 

9 

60 

P,^-54 

10/14/65 

H,0^/A1 

265 

9 

60 

17  ^ter  depth  for  all  shots  was  I5O  ft. 
Nominal  weight. 
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LENGTH  OF  PROBE  IN  AIR  (INCHES) 


FIG. 2.1  PROBE  CALIBRATION  CURVES 
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WASHER 


FiG.  2.3  300  -  LB  LITHANOL  CHARGE  CASE 
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PLACING  LOADED  ChARC-E  M  vV-mER 


HG.2..  300-LB  Al  CHARGES 
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FIG. 2.6  CHARGE  AND  INSTRUMENTATION  RIGGING 
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PROBE  SUPPORT  -  196.1  PROGRAM 


PROBE  SUPPORT  -  1965  PROGRAM 


FIG.  2.7  PROBE  SUPPORT  METHODS 
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3.  LITHANOL  RESULTS 

The  underwater  data  obtained  from  the  Lithanol  charges  are  reported 
in  two  parts — one  for  the  shock  wave  effects  and  one  for  the  bubble 
effects.  Both  sets  of  data  are  compared  with  the  values  for  pentollte, 
where  available.  The  same  organization  of  results  from  the  H2O2/AI 
charges  is  used  in  Chapter  4.  The  photographic  analysis  of  all  of  the 
above  surface  phenomena  will  be  reported  in  Chapter  5- 

3.1  UNDERWATER  SHOCK  WAVE 

While  the  50* lb  and  300-lb  Lithanol  charges  were  fired  in  twc  separate 
programs,  recording  and  subsequent  einalysis  of  the  pressure-time  records 
was  essentially  the  same.  The  tape  records  were  played  out  for  measuring 
purposes  on  a  Minneapolis-Honeywell  Visicorder.  GenersJ-ly,  six  or  seven 
channels  were  played  out  simultaneously  for  convenience  in  time  compeo'i- 
sons  used  for  bubble  ranging.  Pleiyback  speed  of  the  FR-6OO  was  15  in/sec, 
Visicorder  speed  was  I60  in/sec.  The  Visicorder  records  were  converted 
to  digital  form  by  use  of  a  Telereadex,  which  provided  a  series  of  X  and  Y 
co-ordinates  of  the  pressure-time  cvurve  on  punched  ceurds.  Calculations 
of  pressure  and  time,  and  integration  of  these  digitized  data  were  performed 
on  the  lEM  7090  digital  computer. 

Peak  pressures  were  obtained  by  plotting  the  initial  portion  of  the 
pressure-time  curve  on  semi-logarithmic  paper  and  drawing  a  straight  line 
through  the  data,  the  pressure  indicated  by  this  line  at  zero  time  being 
taken  as  the  peak  pressure.  This  method  is  commonly  used  by  those  engaged 
in  shock  wave  analysis  work  to  eliminate  effects  such  as  difficulty  in 
reading  the  true  peak,  gage  "overshoot",  and  inadequate  frequency  response 
of  the  recording  system  (Slifko  and  Farley,  1959)' 

For  the  pentolite  charges,  energy  and  impulse  were  determined  out 
to  59*.  At  this  time,  the  pressure  had  essentially  retiirned  to  the  base¬ 
line.  In  the  case  of  the  Lithanol  charges,  a  "hump"  on  the  shock  wave 
trace  (See  Fig.  3'l}  precluded  determining  realistic  veuLues  of  0.  This 
hump  probably  resulted  from  the  reflection  of  the  detonation  wave  by  the 
charge  case.  Therefore,  these  records  were  integrated  to  a  point  where 
Che  pressure  had  essentially  returned  to  the  baseline. 

Gage  distances  had  been  chosen  primarily  on  the  geometric  criteria 
for  ranging  the  bubble  migretion.  For  the  300“lb  charges,  this  resxilted 
in  obtaining  shock  wave  data  over  a  relatively  small  scaled  distance. 

It  elso  resulted  in  obtaining  a  large  number  of  data  points  at  positions 
close  to  the  charge  and  few  data  points  at  more  distant  wsitions,  since 
these  further  out  gages  (corresponding  tc  the  upper  gages  on  the  array) 
were  not  used  on  the  shallower  shots.  Therefore,  it  was  not  possible 
to  obtain  a  meaningful  least  square.',  fit  to  these  data  as  a  function  of 
distance.  Instead,  the  300“ I'd  •.Int.a  -.;ore  f5.tted  by  assigning  a  value  to 
the  e;cponent  based  on  previous  results,  anl  varying  the  coefficient  to 

*  9  is  defined  as  the  time  constant  of  the  shock  wave,  (cole,  1948) 
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obtain  a  value  where  the  pluc  and  minuo  scatter  was  a  miniinum.  The 
coefficient  obtained  at  this  point  and  the  assr^^’^ed  exponent  vjere  then 
taken  as  representing  the  best  fit  to  the  data.  This  method  was  also 
applied  to  the  50- lb  data  to  make  a  more  meaningful  comparison  between 
the  various  weights. 


3.1.1  50-lb  Charges.  Pressvire-time  records  were  obtained  on  all 

four  of  the  50-lb  Lithanol  charges.  For  comparison  purposes,  shock  wave 
information  was  also  obtained  from  three  50- lb  pentolite  standards. 
Analysis  of  the  pressxore-time  records  yielded  the  values  given  below  for 
the  coefficients.  For  Lithanol,  the  exponents  used  were  obtained  s.'ith 
the  8-  and  l6-lb  charges  and  are  given  in  Tabl  1.1;  the  pentolite  e.':po- 
nents  are  from  the  report  by  Thiel  (196I),  whicn  for  the  sake  of  complete¬ 
ness  have  also  been  Included  in  Table  1.1. 


Pentolite ; 


Lithanol : 


(The  subscripts, 
respectively. ) 


Cp  =  2.2^  X  10'^  (3.1) 

C„  =  2.h9  X  10^  (3.2) 

=  1.31*  (3.  J 

Cp  =  1.17  r  10^  (3.'0 

=  1.32  X  10^  (3.5) 

Cp  =  1.63  (3.6) 


P,  E,  and  I  refer  to  pressure,  energy,  and  impulse. 


The  pentolite  results  are  in  excellent  agreement  with  the  results 
reported  by  Thiel,  the  peak  pressure  coefficient  being  only  about  I.5 
percent  low.  The  Lithanol  results  also  agree  quite  well  Td.th  the  8-  and 
16- lb  results,  in  this  case  the  peak  pressure  coefficient  is  the  same. 

The  steuidard  deviations  for  the  50-lb  Lithanol  shock  wave  parameters 
are  about  the  same  as  those  found  with  the  8-  and  l6-lb  charges.  In  the 
case  of  peak  pressure,  the  standard  deviation  was  10  percent; and  about 
the  same  value  was  outaiued  for  the  50-lb  pentolite  standards-  For  the 
8-  and  lo-lb  charges,  the  standai’d  deviations  in  peak  pressure  were  6 
percent  for  pentolite  and  9  percent  for  Lithanol.  This  increase  in 
scatter  is  to  be  expected  for  larger  weights  as  it  is  increasingly 
difficult  to  know  precisely  the  location  of  the  gages. 
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3.1.2  300-lb  Chtu-Res.  Examples  of  the  pressure-time  records  for 
the  300-lb  Lithanol  and  pentolite  charges  are  shown  in  Figure  3.1*  Data 
were  obtained  on  five  Lithanol  and  six  i>entollte  charges.  Ihe  following 
coefficients  for  pressure,  impulse,  and  energy  were  obtained: 

Pentolite : 

Cp  =  2.24  X  10 

(3.7) 

C^  =  2.56  X  10^ 

L 

(3.B) 

c  =  1.35 

(3.9) 

Litheinol : 


Cp  =  1.17  X  10*^ 

(3.10) 

Cp  =  1.37  X  10^ 

(3.11) 

c^  =  1.62 

(3.12) 

As  with  the  charges,  the  pentolite  results  agree  acceptably 

with  those  reported  by  Thiel.  The  peak  pressure  coei'ficient  is  about 
5  percent  low.  The  Lithanol  results  agree  with  the  d-  and  l6-lb  data 
and  with  the  50-lb  data.  Standard  deviations  for  both  pentolite  and 
Lithanol  were  higher  than  previously  noted,  the  deviation  in  peak  pres¬ 
sure  being  about  15  percent  for  both.  This  increased  scatter  probably 
results  from  the  lack  of  precise  knowledge  of  the  standoff  distance  of 
the  gags  string,  as  the  nominal  value  was  used  in  the  calculations. 

Because  there  is  no  significant  variation  in  shock  wave  parameters  over 
the  range  of  weights  fired,  it  is  concluded  that  there  were  no  detonation 
problcius  with  Lithanol. 

3.2  BUBBLE 

Instrumentation  was  provided  to  obtain  information  on  periods,  migra¬ 
tion,  and  maximum  bubble  radius.  While  the  two  charge  sizes  were  fired 
at  times  separated  by  a  year,  this  instrumentation  was  essentially  the 
same.  The  instrumentation  was  discussed  in  detail  in  Chapter  2  and 
consisted  essentially  of  a  vertical  string  of  PE  gages  and  the  NOL  bubble 
probe.  Tape  speed  for  the  playouts  was  the  same  as  used  for  the  shock 
wave  records  (15  ips).  Visicorder  speed  was  slower,  however,  with  play¬ 
back  speeds  of  10  and  40  ips  being  used. 

3.2.1  50“ lb  Charges.  Typical  bubble  pulse  records  for  pentolite 
sure  shown  in  Figure  3*2  and  for  Lithanol  in  Figure  3* 3*  The  shape  of  the 
first  bubble  pulse  is  essentially  the  same  for  both  explosives.  The 
second  and  third  pulses  are  considerably  different,  the  Litiianol  showing 
many  large  spikes  as  opposed  to  the  generally  rounded  appearance  of  the 
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Der.tolite  pulses.  In  actuality^  even  more  spikes  were  visible  on  the 
original  playouts  than  could  be  shown  on  these  tracirigs.  The  time  after 
detonation  of  the  first  and  successive  periods  were  measured  on  pressure- 
time  records  fiom  at  least  six  gages  and  an  average  value  obtained  for 
each  period.  Periods  were  read  to  the  highest  smoothed  values  of  pressure, 
rather  than  to  any  single  spike.  The  average  values  eire  given  for 
Lithanol  and  the  pentolite  standards  in  Table  3.1.  The  value  of  K  for 
both  compositions  was  computed  using  the  average  value  for  the  first 
period  and  applying  the  bottom  and  surface  corrections  given  in  the 
report  by  Niffenegger  (1953).  It  will  be  noted  that  the  value  of  K  for 
Lithanol  is  somewhat  higher  than  that  measured  previously. 

Bubble  probe  measurements  were  also  obtained;  however,  because  the 
support  system  for  the  probe  and  charge  was  designed  for  the  3^0- lb  charges, 
the  resxilting  measurements  are  not  believed  to  be  sufficiently  accurate 
to  permit  computation  of  J.  It  is  probably  more  accm'ate  to  use  the 
ratio  J/K  and  the  value  of  K  obtained  from  the  period  measurements  to 
obtain  a  value  of  J  for  this  charge  weight,  j/k  for  the  b-  and  l6-lb 
Lithanol  chsirges  was  2.84,  th\is  for  the  50-lb  charges  the  following  values 
axe  obtained: 


J  =  15.9  (3.13) 

K  =  5.65  (3.14) 

The  measured  maxitmim  radii  for  the  Lithanol  and  pentolite  charges 
are  given  in  Table  3*2  and  are  compared  with  radii  calculated  using 
J  =»  12.6  for  the  pentolite  and  the  above  value  for  Lithanol.  It  can  be 
seen  that  the  agreement  for  both  compositions  is  within  about  one  foot 
which,  while  not  sufficiently  accurate  for  computation  of  J,  does  indicate 
consistency  in  the  method  of  computing  J  for  Lithanol. 

A  fourth  bubble  pulse  was  observed  for  the  Lithanol  composition. 

While  this  pvilse  was  quite  weak  and  considerably  smaller  than  that  shoim 
for  the  third  pulse  in  Figure  3.3,  it  was  definitely  observed.  H  is 
pulse  was  not  pxedicted,  since  no  fourth  pulse  was  observed  on  Operation 
Wigvam;  and  it  is  generally  believed  (c.f.  Snay,  i960)  that  a  nuclear 
bubble  will  have  no  more  than  three  significant  pulses.  The  appearance 
of  a  fourth  pulse  on  these  records  does  not  in  itself  mean  that  Lithanol 
does  not  simulate  a  nuclear  bubble.  It  is  possible  that  this  fourth  pulse 
is  not  a  true  bubble  pulse  resulting  from  re-expansion  but  is  a  series  of 
small  pulses  from  condensation  of  the  remaining  steam.  It  may  also 
result  from  the  small  amount  of  permanent  gases  left.  In  the  case  of 
the  normal  chemical  explosive,  pentolite,  at  least  six  pul£\es  were 
obserred,  although  only  four  are  reporte'i  hei’e- 

It  will  be  noted  in  Table  3.2  that  there  is  a  more  rapid  decrease 
in  the  second  and  third  period  ratios  for  Lithanol  than  for  those  observed 
with  the  pentolite  charges.  This  decrease  results  from  the  condensation 
of  steam.  A  comperison  of  condensation  effects  on  the  bubble  parameters 
with  those  predicted  for  a  nuclear  explosion  will  be  made  in  Chapter  6. 
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Two  different  booster  wel^ts  were  used  in  the  Lithanol  charges. 

Shots  IV-46  and  48  used  1-lb  pentolite  boosters;  shots  PW-47  and  49  used 
2-lb  boosters.  The  two  different  sizes  were  used  to  see  if  reliable 
detonation  would  take  place  vith  the  smaller  booster.  A  small  booster 
is  desirable  for  these  charges  since  the  booster  produces  permanent  gases 
which  will  affect  the  bubble  pulsations.  In  addition,  the  booster  reaction 
products  may  also  combine  with  products  from  the  main  charge  and  thus 
alter  the  desired  chemical  reaction.  Ko  significant  difference  was 
detected  in  either  the  shock  wave  or  bubble  parameters,  which  is  a  good 
indication  that  Lithanol  detonated  properly  for  both  booster  sizes.  Also 
of  importance  is  the  fact  that  no  significant  change  in.  successive  periods 
Wap  noted,  which  indicates  that  the  amount  of  permanent  gases  produced 
over  this  range  of  booster  weights  (approximately  I/50  and  I/25  of  the 
total  cheirge  weight)  has  little  effect  on  the  bubble  parameters.  However, 
these  gases  may  have  affected  the  observed  surface  effects  (see  Chapter  5)* 

3.2.2  30Q~lb  Charges.  Chronologically,  the  300“ lb  Lithanol  charges 
were  the  first  fired  of  those  discussed  in  -chis  report,  being  fired  in 
the  fall  of  1964.  Successive  periods  were  measured  on  these  records, 
similarly  to  the  measurements  made  later  on  the  50- lb  charges.  The 
average  values  of  periods  are  reported  in  Table  3-3,  together  with  ratios 
of  successive  periods  and  the  coefficient  K  computed  from  the  first 
bubble  period.  It  will  be  noted  that  the  value  of  K  for  these  charges 
is  hl^er  than  that  obtained  with  the  8-  and  l6-lb  charges,  and  also 
higher  than  that  of  the  50-lb  charges.  The  value  of  K  for  the  pentolite 
standards  is  also  slightly  higher,  being  about  3  percent  hi^er  them  the 
generally  accepted  value  for  this  composition. 


Typical  bubble  pulse  records  for  pentolite  and  Lithanol  charges  are 
shown  in  Figures  3*4  and  3* 5*  As  with  the  50- lb  charges,  the  pulse  shapes 
for  Lithanol  differ  considerably  from  those  obser\'ed  with  the  pentolite 
charges.  The  first  pulse  for  both  is  essentiedlj'  the  same,  the  second 
and  third  considerablj'  different.  It  is  believed  that  the  spikes  on  the 
Lithanol  records  result  from  the  condensation  processes.  Condensation 
is  believed  to  take  place  at  the  minimum  due  to  instability  of  the  bubble 
at  this  time.  At  and  near  the  minimum,  considerable  mixing  takes  place 
and  Jets  of  the  surrounding  water  move  Into  the  bubble  and  thus  cool  and 
condense  the  steam.  It  is  believed  that  it  is  the  impingement  of  these 
Jets  on  one  another  which  pr'^'^uces  the  spikes  on  the  pressure-time  records. 
Strong  upward  Jetting  of  the  bubble  from  these  charges  was  also  noted 
from  measurements  of  the  above  surface  effects,  as  discussed  in  Chapter 
5,  and  this  probably  accounts  for  many  of  the  spikes. 


The  records  shown  are  typical.  Uie  saxae  gage  position  and  charge 
depth  were  chosen  for  Illustration  purposes  as  the  traces  varied  consid¬ 
erably  w*ith  gage  p)ositicn  and  ^1— rgc  depth.  This  is  particularly  true 
for  second  and  third  pulses  with  Lithanol,  -vdiere  the  traces  appeared  to 
be  quite  weak  when  the  gage  was  located  below  the  dep)th  of  the  bubble 
pulse,  -rhis  can  also  be  attributed  to  the  upward  Jetting  of  the  bubble, 
as  the  signals  from  such  impingement  would  be  quite  directional. 
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Values  of  bubble  migration  were  obtained  by  finding  the  dey'^hs  of 
successive  bubble  pulses  by  directional  ranging.  The  method  of  ranging 
used  is  discussed  In  detail  in  Appendix  A;  essentially  it  consists  of 
determining  the  relative  tixrival  time  of  the  pulse  at  three  positrons 
in  a  vert iced  array.  The  ranging  method  assumes  a  point  source  (in 
actuality  the  t'ubble  at  its  raininrom  size  is  considerably  'orger  them  a 
point).  Spikes  on  the  records  (shown  in  Figures  and  3*5)  vere  used 
for  ranging, and  it  was  attempted  to  pick  the  same  spike  on  each.  This 
selection  requires  considerable  Judgment  and  generedly  utilizes  shapes, 
amplitudes,  and  the  positions  of  one  spike  relative  to  others  in  deter¬ 
mining  a  common  spike  on  all  records.  In  some  cases,  it  was  possible 
to  follow  a  single  spike  with  considerable  confidence  through  the  entire 
array;  in  other  cases  it  was  difficidt  to  find  with  cerLainty  any  common 
spike  on  the  reqvdred  three  records.  Severed  sets  of  three  gages  were 
used  to  obtain  values  of  the  bubble  pulse  depth;  once  this  was  done,  it 
was  again  necessary  to  apply  Judgment  as  to  the  best  value.  This  gener¬ 
ally  was  done  by  comparing  the  ranged  and  known  horizontad  distance  of 
the  string  (the  close”  they  compared,  the  higher  the  confidence)  and  the 
vertical  position  of  -^e  pulse  relative  to  the  center  of  the  three  gages. 
Ranging  of  the  shock  wave  had  shown  that  the  most  accurate  depths  were 
determined  when  the  pulse  occurred  near  the  depth  of  the  center  gage. 

The  best  depths  were  also  found  \^.ere  the  ranged  and  known  horizontal 
distances  compared  most  favorably. 

The  ranged  depths  of  the  shock  wave  and  bubble  pulses  are  given  in 
Table  3«^»  It  is  believed  that  the  accxiracy  of  the  ranged  depth  of  the 
shock  wave  is  about  O.5  feet;  ror  the  first  bubble  pulse,  it  is  about 
3  feet;  for  the  second  bubble  pulse,  about  to  10  feet;  and  for  the 
third  bubble  pilse,  about  5  to  15  feet.  The  accuracy  of  the  Lithanol 
values  is  near  the  lower  value  because  of  the  precision  with  which  the 
naurrow  spikes  could  be  read;  the  pentolite  results  tended  toward  the 
higher  values  because  of  the  weak  and  generally  rounded  shape  of  the 
later  pulses. 

It  is  thus  possible  to  find  the  depth  with  an  accuracy  which  is 
adequate  for  most  purposes.  However,  it  is  not  cleai’  that  we  know  exactly 
what  Is  being  ranged,  particularly  when  the  bubble  is  migrating  violently. 
Thus,  it  has  been  assumed  (Snay  et  al,  1950 )  that  for  the  first  p\ilse, 
the  impingement  of  the  bottom  of  the  bubble  against  the  top  as  the  bubble 
collapses  produces  a  "water-hammer"  effect  which  results  in  the  observed 
spikes.  Rar,girjg  of  these  would  give  a  depth  shallower  than  the  center 
of  the  bubble.  A  comparison  of  ranged  and  predicted  migration  is  given 
in  Chapter  6. 

The  Lit-hane.i,  onarge«  few.'esent.pd  the  firKt  attempt  to  use 

the  NOL  bubble  probe  on  tests  of  this  size.  The  radii  measured  are 
presented  in  Table  3.5.  Because  of  the  difficulties  experienced  with 
the  probe  on  this  series,  as  discussed  in  Chapter  2,  the  results  were 
not  used  to  calciilate  J.  It  is  believed  a  more  accurate  value  of  J  can 
be  obtained  by  using  the  method  used  for  the  50“lb  charges;  i.e.,  by  use 
of  the  j/k  ratio.  Since  the  pentolite  K  for  the  300-lb  charges  was  about 
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3  percent  high  (possibly  because  of  incorrect  surface  and  bottom  cor¬ 
rections),  it  is  probable  the  value  of  K  for  Lithanol  was  also  high  by 
about  the  same  percentage.  Reducing  the  Lithanol  K  by  this  amount, 
and  calculating  J  from  this  corrected  value,  the  following  bubble  coef¬ 
ficients  are  obtained: 


J  =  16-3  (3.15) 

K  =  5.75  (3.16) 

The  calculate  value  of  the  maximum  radius,  A  ,  using  the  value 
of  J  given  in  Equation  3.15,1s  shown  on  Table  S.i.'^^he  difference 
between  the  calculated  and  measirred  for  Lithanol  is  about  the  same 

as  that  of  the  pentoUte  charges,  which  tends  to  substantiate  the  method 
of  calculation  of  J  for  Lithanol. 

No  attempt  was  made  to  thoroughly  analyze  the  velocity  meter  and 
accelerometer  records  because  of  the  lack  of  sensitivity  of  tne  probe. 

A  brief  analysis,  however,  indicated  that  the  probe  experienced  little 
motica. 


28 

CONETIMriAL 


TABI£  3.1  BUBBI£  rERIODG  AND  COMPUTED  K  50-lb  CHARGES 


CONFIDENTIAL 
NOUTR  67-T 


=C  00  OD 

m  poI  cn 


VO 

J-  O  cvi 

VI)  VO  VO 


H  O  l/N  VO  l/N 

VO  VO  VO  VO 

•  •  •  •  • 

Lf\  Lf\  Lf\  Lf\  Lf\ 


J-l  H 


LfN  CVl  -d- 

v3  I  S  S 

•  I  • 

o  00 


CO  O 
CVJ 

CO  PO 


H  OJ  CM  CO 
H  CM  O  VO 
PO  00  00  CM 

d  d  6  d 


,co|  H 
E-t  Ieh 


CM 

-d  -d 
C- 


LO  J- 
LO  CO 
-d  -d 


CM  <-!  VO  VO 

^  iH  I— !  iH 

-d  -d  -d  J- 

•  •  •  • 

0000 


CM  H 

e  Eh 


VO  CO 

S  5 


00  c^ 

.  ^  <s 


CO  LO  VO  H 
H  CM  CM  PO 
VO  VO  VO  VO 

•  •  •  • 

0000 


u 

-d  4) 

^  <a 


VO  VO  30 

CO  30 

iH  I  rH  rH 

•  I  •  • 

o  00 


CM  VO 

J;  H 

I  H  I— I 
I  •  • 

O  O 


O  VO  35  VO 

d  d  3  S' 

•  •  •  • 

0000 


LfN 

0 

0 

H 

VO 

§ 

Ch 

(ON 

0 

0 

H 

rd 

t- 

lA 

-d 

d; 

1) 

CM 

1 

CM 

CM 

i 

H 

rH 

H 

H 

iH 

<n 

« 

1 

« 

• 

1 

• 

• 

• 

• 

• 

• 

*w* 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

lA 

0 

VO 

LTN 

t- 

lA 

J- 

VO 

0 

CO 

-d 

PO 

fO 

H 

CVJ 

CM 

CM 

V 

CM 

1 

OJ 

CM 

1 

CM 

CVJ 

CM 

CVJ 

CM 

CM 

(0 

« 

1 

« 

• 

1 

• 

• 

• 

• 

• 

• 

V—' 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

H 

(H  (0 

cn 

t 

•H 

+0 

iH 

00 

CO 

00 

•H 

B 

•H 

4^ 

VO 

t- 

CM 

VO 

-d- 

LA 

V? 

00 

LA 

CVI 

• 

0 

CM 

« 

CM 

• 

0 

CO 

• 

CO 

• 

00 

• 

00 

• 

no 

• 

ro 

• 

0 

va 

0 

0 

0 

0 

0 

0 

0 

0 

a  ^ 


I 

d) 


^  Q  00  t- 
O  (f\  0\ 


8d  On 
On  CJn 


29 

CONFIDENTIAL 


O  O  LTN  CO 

•  •  •  • 

»  ON 

CJN  CJn  (ON  ON 


(X> 

oo 

iH 

(On 

0 

ro 

CM 

CM 

• 

• 

• 

• 

• 

• 

• 

• 

• 

1 

r-i 

Cvj 

Cvj 

Cvi 

ir\ 

LA 

-It 

-d 

LA 

LA 

LA 

LA 

H 

iH 

2 

J- 

LA 

LA 

0 

VO 

t- 

x> 

3 

00 

00 

LA 

CM 

ro 

00 

00 

1 

J 

1 

0 

1 

1 

+> 

E 

£ 

E 

s 

CM 

w 

£ 

£ 

E 

VO 

-d  -d 

I  I 


g  g  E 


K  ccomputed  from  using  surface  and  bottcxn  corrections  from  Niffenegger  (1953)- 

Nomliial  wei^t. 


TABIE  3.2  MEASURED  MAXIMUM  BUBBTiE  RADIUS  FOR  50- lb  CHARGES 
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TABLE  3.3  BUBBLE  PERIODS  AND  CC^IPOTED  K  FOR  300- lb  CHARGES  (1964) 
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K  computed  from  T^  using  surface  and  bottom  corrections  from  Niffenegger  (1953). 
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TABLE  3.4  SUMMARY  OF  RANGING  RESULTS 
FOR  300- lb  CHARGES  (1964) 


Shot 

No. 

Depth 

(ft) 

Ranged  Depths 

Shock 

Wave 

(ft) 

®1^ 

(ft) 

^2 

(ft) 

“3 

(ft) 

Pentollte 

FW-22 

100 

96.5 

86 

69 

32 

IV-23 

80 

80.0 

60 

45 

— 

PW-24 

80 

80.0 

62 

40 

— 

PW-25 

100 

100.0 

85 

— 

PW-28 

100 

99.5 

86 

— 

30 

PW-29 

60 

61.5 

44 

-4 

— 

Lithanol 

PW-26 

100 

101.0 

82 

62 

22 

PW-27 

100 

100.0 

80 

6k 

48 

PW-30 

60 

60.3 

35 

23 

mm 

FW-31 

60 

59.0 

34 

23 

PW-32 

80 

80.4 

60 

40 

~ 

^  is 

flrat  Tnlninium,  nig  is  second  miniraum,  etc. 
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TABIiE  3*5  BUBBLE  H»QBE  RESULTS  FOR  300- lb  CmRGES  (1964) 
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PW  -  42 

300  LB  PENTOLITE  AT  100  FT 
HOR.STANDOFF  -  24.6  FT 


PW  -  26 

300  LB  LITHANOL  AT  100  FT 
HOR.STANDOFF  -  29.8  FT 


0  12  3 

I _ I _ I _ I 

TI44P  k 
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FIG.3.1  TYPICAL  SHOCK  WAVE  RECORDS 
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RECORDER  OVERLOADED 
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CHARGE  DEPTH  -  100  FT 
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FIG.3.4  TYPICAL  BUBBLE  PULSE  RECORDS,  300  LB  PENTOLITE 
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GAGE  DEPTH  -  59.5  FT 
HOR.STANDOFF  -  29.8  FT 

FIG.3.5  TYPICAL  BUBBLE  PULSE  RECORDS,  300  LB  LITHANOL 
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U.  h^o^/ai  results 

J+.l  UNDERWATER  SHOCK  WAVE 

Analysis  of  the  shock  wave  pressure-tine  records  for  the  two  charge 
weights  of  the  H^O^/AI  conixjsition  was  similar  to  that  done  for  Lithanol. 
The  yisicorder  records  were  manually  converted  to  digital  form  on  the 
Telereadex  and  computations  and  integrations  performed  on  the  lai  7090 
digital  computer.  Peak  pressures  were  determined  by  plotting  the  initi.al 
portion  of  the  shock  wave  pressure-tiiae  curve  on  serai- logarithmic  paper 
and  drawing  a  straight  line  through  the  data,  the  pressure  at  zero  time 
being  taken  as  the  peak  pressure.  As  with  Lithanol,  integral ions  for  the 
H.5O  VAI  charges  were  carried  out  to  a  point  vAiere  the  trace  had  essentially 
returned  to  the  baseline. 


4.1.1  30-lb  Charges.  Of  the  three  30- lb  H^0,_j/a1  charges  fired,  data 

were  obtained  on  only  two,  as  the  timing  failed  on""rw-3<5»  Analysis  of 
the  data  ftr  the  other  two  shots  produced  the  coefficients  given  below  for 
the  shock  wave  parameters.  The  values  for  the  50-lb  pentolite  charges 
used  as  standards  here  were  reported  in  Section  3»1»1»  As  had  been  done 
with  the  Lithanol  results,  the  exponents  used  to  determine  the  coefficients 
were  obtained  from  the  B-  and  l6-lb  results,  which  are  given  in  Table  1.1. 


H.0,/a1: 

Cp  =  1.60 
C,  .  3.1.9 
C  =  2.66 


X  10^ 

ik.l) 

X  10^ 

{k,2) 

ik-3) 

It  will  be  noted  that  these  values  are  considerably  higher  than 
those  obtained  with  the  smaller  charges,  as  given  in  Table  1.1.  The  peak 
pressure  is  about  8k  percent  greater,  the  energy  117  percent  greater,  and 
the  impulse  23  percent  greater.  The  standard  deviation  in  the  data, 
however,  was  about  the  same  as  that  obtained  with  the  8-  and  l6-lb  E^O^/aI 
charges.  For  peak  pressure,  this  deviation  was  about  26  percent;  it ‘'was 
2k  percent  with  the  smaller  charges  of  this  composition.  The  increase 
in  the  shock  wave  parameters,  together  with  the  improved  shape  of  the 
pressure  pulse,  indicates  that  a  more  complete  detonation  took  place  for 
these  charges  than  had  taken  place  for  the  8-  euid  l6-lb  charges.  The 
large  scatter  in  the  data,  however,  still  indicates  problems  in  detonation. 

The  pressure  vs  distance  data  from  the  two  50-113  E^0^/a1  charges 
actually  differed  considerably  and  the  curve  given  by  Equation  k.l  lies 
between  the  two  sets  of  data-  The  peak  pressxires  for  Shot  PW-37  are 
perhaps  20  percent  hi£^er  than  the  mean,  pressures  from  PW-38  are  about 
20  percent  lower.  As  noted  in  Section  k.2.1,  a  similar  difference  was 
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observed  for  the  bubble  period  coefficient,  K.  nierefore,  >*116  the 
outjxxt  of  these  cheu^es  is  greater  than  that  of  the  8-  .and  l6-lb  charges, 
there  is  considerable  doubt  that  coDplete  high  order  detonation  is  tedting 
place. 


^.1.2  300*lb  Charges.  Pressure-time  records  fr>r  the  300- lb  HoOg/Al 
cheurges  are  shown  in  Figure  4.1.  Df  were  obtained  from  three  penfolite 
charges  and  six  H^Og/Al  charges.  Bie  following  coefficients  for  peaJc 
pressiore,  energy, '^and  lornulse  were  obtained: 

K^O^/AI; 


Cp  »  1.98  X  10^ 

(»^.4) 

Cg  “  4.48  X  10^ 

(i^.5) 

Cj  -  2.89 

(4.6) 

Cp  “  2.28  X  10^ 

(4.7) 

Cg  -  Q.5S  X  10- 

(4.8) 

c  »  1.39 

(4.9) 

The  pentolite  results  egain  agree  favorably  with  previous  results. 

The  H2O2/AI  results  are,  as  with  the  50-lb  charges,  considerably  hi^er 
that*  the  8-  and  l6-lb  results.  Peak  pressure  is  128  percent  hi^er, 
energy  is  178  percent  hlj^er,  and  impulse  34  percent  hi^er.  The  300- lb 
K^O.j/aI  results  are  also  somew'iat  higher  than  the  mean  values  of  the  50-lb 
results,  peak  pressure  ''°ing  about  25  percent  higher.  The  50- lb  shot 
FW-37  agrees  very  well  with  the  300-lb  results.  Scatter  has  been  reduced 
considf  ;ibly  for  the  300-lb  charges.  For  peak  pressiue,  the  standeird 
deviation  was  I6  percent  for  the  H^O^/AI  composition,  compared  to  10 
percent  obtained  with  the  pentolite  standards. 


4.2  BUBBLE 

4.2.1  50- lb  Charges.  Typical  bubble  pulse  records  for  H^Oo/AI  are 
shown  in  Figure  4.2.  The  shape  of  these  curves  is  t’-?  epwo  as  that 
observed  with  Lithanol.  First  and  successive  periods  were  measured  for 
these  cheirges  in  the  same  w;>y  as  done  previously  for  Lithanol.  Because 
these  charges  were  fired  as  part  of  «ie  same  series  as  the  50-lb  Lithanol 


rlo+o  •Tv*  O  T 

^  •  O.  • 


of  gages  were  read  and  average  values  determined  for  the  periods.  As 
was  observed  with  the  lithium  perchlorate  composition,  the  value  of  K 
is  somewhat  higher  theur  that  measured  for  the  8-  and  16- lb  charges. 
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As  vith  Lithanol,  a  fourth  bubble  pulse  was  observed  with  the  HoOo/aI 
charges.  This  pulse  was  very  weak  but  definitely  visible  on  the  playouts. 

A  value  of  J  can  be  calculated  from  K  using  the  ratio  j/k  from  the 
8-  and  l6-lb  charges.  For  the  hydrogen  peroxide  charges,  this  ratio  was 
2.76.  Thus  the  bubble  parameters  for  the  50“ 18  hydrogen  peroxide  compo¬ 
sition  are: 


J  =  17.3  (^-10) 

K  ^  6.27  ('+•11) 

As  indicated  in  Table  3-2,  a  bubble  radius  was  measured  on  only  one  of 
the  three  H.;)02/a1  shots,  Shot  PW-38.  Calculation  of  A-^y  from  the  value 
of  J  gi\cn  In  Equation  4.10  shows  agreement  of  less  than  a  foot  with  this 
measured  ra..ius  and,  as  with  LL+uhanol,  is  about  as  good  as  can  be  expected 
from  this  size  charge  with  the  support  system  used. 

It  will  be  noted  that  there  is  considerable  difference  in  the  values 
of  K  obtained  for  the  two  R^O.p/Al  charges.  Similar  to  the  difference 
observed  with  the  shock  wave  parameters.  Shot  PW-37  is  about  30  percent 
higher  than  the  mean,  PW-38  is  about  30  percent  lower.  However,  even 
the  lower  value  of  K  is  higher  than  the  value  of  K  obtained  for  the  8™ 
and  16- lb  charges. 

4.2.2  ^00- lb  Charges.  Typical  bubble  pulse  records  are  shown  in 
Figure  4.3*  These  are  similar  to  the  bubble  pulses  observed  with  the 
300-Ib  Lithanol  charges.  As  with  Lithanol,  the  pulses  varied  greatly  for 
gages  located  above  or  below  the  one  illustrated.  This  was  particularly 
true  for  the  second  and  third  pulses,  ■vdiere  the  amplitude  was  quite  low 
for  gages  below  the  depth  of  origin  of  the  pulse.  Only  the  general  shapes 
of  the  pulses  are  shown;  the  actual  traces  contained  considerably  more 
spikes  than  could  be  shown  here. 

Period  infonnatlon  for  the  300-lb  hydrogen  peroxide  charges  is  given 
in  Table  4.1.  The  method  for  obtaining  this  information  is  the  same  as 
that  reported  previously  for  Lithanol.  It  will  be  noted  that  the  value 
of  K  for  the  300- lb  HoO^/aI  charges  is  higher  than  either  the  8-  and  16- 
lb  results  or  the  "  >Ib  results.  The  increase  in  K  with  increasing  charge 
weight  was  also  noted  for  Lithanol;  this  Increase  will  b?  discussed  in 
greater  detail  in  Chapter  6.  The  decrease  in  successive  periods  due  to 
condensation  is  also  apparent. 

Migration  information  was  also  obtained  by  ranging  the  successive 
bubble  pulses.  'Phis  informatjon  is  reported  in  Table  4.2.  As  with  the 
Lithanol  results,  the  accuracy  of  the  reported  migration  decreases  with 
succeeding  pulses  and,  for  the  later  pulses,  was  more  precise  for  the 
H.;,0,j/a1  charges  than  for  pentolite  because  of  the  pulse  shape.  The 
precision  of  the  migration  data  for  successive  pulses  is  about  the  same 
as  that  reported  in  Qiapter  3« 
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Successful  measurements  of  the  maximum  bubble  radius  were  obtained 
on  this  program.  Using  the  value  of  standoff  (obtained  from  the  arrival 
time  of  the  shock  wave)  euid  the  distance  the  bubble  traversed  the  probe, 
the  measvired  value  of  and  1;he  computed  value  of  J  are  given  in 

Table  4.3.  If  the  measured  values  for  J  and  K  for  the  H2O27AI  charges 
are  corrected  by  the  same  percentage  as  the  error  .'.n  the  values  of  J  and 
K  for  pentoUte  (2  percent  for  J,  4  percent  for  K),  agreement  of  better 
than  one  percent  is  obtained  between  the  experimentally  determined  K  and 
the  one  calculated  using  the  ratio  j/k  fran  the  8-  and  l6-lb  charges. 

The  experimentally  determined  bubble  parameters  for  the  300- lb  H^O^/aI 
charges  thus  are: 


J  =  17.3  (4.12) 

K  =  6.35  (4.13) 

As  had  been  noted  previously,  these  values  are  higher  than  those  previously 
observed.  This  will  be  discussed  in  greater  detail  in  Chapter  6. 

The  probe  was  instrumented  with  two  accelerometers  to  detect  any 
motion  due  to  water  flow  from  the  expanding  bubble.  The  accelerometer 
records  were  integrated  to  obtain  a  velocity-time  curve,  which  was  then 
integrated  to  obtain  displacement  as  a  function  of  time.  Only  records 
from  the  25  g  accelerometer  were  integrated,  as  the  10  g  accelerometer 
consistently  read  nega,tive  after  the  shot. 

Integration  of  the  accelerometer  records  indicated  that  the  prbbe 
acquired  a  velocity  away  from  the  charge  of  about  5  "  6  ft/sec.  This 
velocity  was  impsurted  to  the  probe  beginning  about  30  msec  after  detona¬ 
tion.  By  160  msec  after  detonation,  the  accelerometer  record  had 
returned  to  the  baseline.  This  indicated  a  constant  velocity  of  the 
probe  at  this  time.  Up  to  I60  msec,  the  accelerometer  measured  a  displace¬ 
ment  of  less  than  O.5  feet.  Continuing  the  probe  at  this  constant  veloc¬ 
ity  up  to  the  time  of  the  maximum  radius  wo’iLd  give  a  total  displacement 
c,  1.0  -  1.5  feet.  It  seems  vinlikely  that  the  probe  continued  to  move 
in  this  manner,  however.  Rather,  it  should  decelerate  and  eventually  stop 
moving  entirely. 


Why  no  deceleration  was  indicated  on  the  accelerometer  is  not  known. 
It  may  have  been  a  peculiarity  of  the  accelerometer  (similar  to  that 
observed  with  the  10  g),  or  it  could  have  been  that  the  deceleration  was 
too  slight  to  be  measured  on  the  records.  It  thus  appears  that  movement 
of  the  probe  was  about  1.0  (±  0.5)  feet,  the  upper  limit  as-^uming  a  con¬ 
stant  velocity,  the  lower  limit  the  actual  measured  displacement.  Since 
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difference  between  the  predicted  and  measured  radii  appears  reasonable 
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TABI£  h.2  SUMMARY  OF  RAKJIKG  RESULTS  FOR  300- lb  CHARGES  (1965) 


Shot 

Depth 

Ranged 

Depths 

No. 

(ft) 

Shock 

Wave 

(ft) 

1/ 

(ft) 

"2 

(ft) 

”3 

(ft) 

Pentollte 

PVf-39 

80 

78.6 

64 

— 

— 

PW-42 

100 

98.4 

87 

69 

MW 

PW-52 

60 

59.8 

41 

19 

— 

h^o^/ai 

PM-1^0 

80 

78.5 

58 

25 

.12 

PW-41 

30 

81.1 

60 

34 

20 

PW-43 

100 

99.1 

78 

45 

25 

rw-44 

100 

99.5 

80 

53 

27 

Pw-53 

60 

60.5 

34 

20 

— 

pw-54 

60 

59.8 

32 

28 

mm 

^  is 

first  mlniinum, 

Is  secoxid 

minimum;  etc. 
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d  =  59  FT 


P^Ax  =  ’800PSI 


PW  -  44 

265  LBH2O2/AIAT  ICC  FT 
HOR.STANDOFF  -  30.2  FT 


0  12  3 

I _ I _ I  1 

TIME,  MSEC 


FIG.4.1  TYPICAL  SHOCK  WAVE  RECORDS 
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FIG, 4. 2  TYPICAL  BUBBLE  PULSE  RECORDS,  5C  LB  H  O  /Al 


CHARGE  DEPTH  -  100  FT 
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FIG. 4.3  TYPICAL  BUBBLE  PULSE  RECORDS,  265  LB  H  0,/AI 
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5.  PHOTOGRAPHIC  RESULTS 


5.1  30- lb  CHARGES 

The  siorface  phenomena  obseirved  with  the  50- lb  choi'ges  were  very 
limited,  since  these  charges  were  fired  at  comparatively  great  depths. 

The  first  visible  surface  effect  was  spray  produced  by  the  reflection  of 
the  underwater  shock  wave  at  the  water  surface  (Cole,  19^0).  This  spray 
was  fairly  dense  but  reached  a  height  of  onlj’’  a  few  inches.  The  spray 
then  settled  to  the  water  siu'face  and,  by  perhaps  one  second  after  the 
burst,  was  entirely  gone.  However,  the  water  surface  retained  a  ruffled 
appearance  until  the  arrival  of  the  bubble. 

The  appearance  of  the  surface  effects  produced  by  the  arrival  of  the 
bubble  products  for  the  50-lb  pentolite  chai'ges  is  illustrated  in  Figure 
5-1.  It  appeared  to  result  from  the  arrived,  of  n  single  bubble  of  explo¬ 
sion  gases  at  the  sxrrface.  The  initial  rise  of  this  mound  (not  illustrated) 
retained  the  original  surface  roxpghness,  its  surface  then  gradually  became 
smooth  and  glossy  in  appearance.  The  mound  reached  a  height  of  about  7 
feet  and  attained  a  maximum  diaraetcr  of  26  feet;  it  then  broke  up  and  col¬ 
lapsed,  spreading  out  along  the  water  surface.  The  maximum  measured  height 
was  about  9  feet. 

The  arrival  times  of  the  bubble  products  at  the  water  surface  for 

the  pentolite  charges  are  given  in  Table  5»1*  These  arrival  times  are 

some\diat  later  than  would  be  expected  if  the  velocity  attained  by  the 
bubble  during  migration  remained  constant  throughout  its  rise  to  the 
surface.  The  average  velocity  througli  four  pulsations  ls26.2  ft/sec, 

’■ftilch  would  give  an  eirrlval  time  at  the  sxirface  of  3»9  seconds.  However, 
the  observed  arrival  times  varied  between  5»1  and  5*^  seconds. 

Because  of  the  lower  shock  wave  pressures  of  the  two  steam  composi¬ 
tions,  much  less  spray  was  produced  from  the  charges.  The  arrival  of  the 
bubble  at  the  surface  for  these  compositions  was  not  nearly  as  spectacular 

as  that  observed  with  the  pentolite  charges.  As  can  be  seen  in  Figure 

5.1,  this  surrlval  produced  practically  no  verticeil  displacement,  but 
Instead  general-ly  produced  only  a  lateral  spread  of  a  patch  of  smoothed 
water  outward  from  surface  zero.-  The  first  appearance  of  the  bubble  was 
always  a  smoothing  of  the  water  surface,  subsequent  appearances  then  varied 
from  shot  to  shot.  For  the  hydrogen  peroxide  charges  and  one  of  the 
Llthanol  charges  (lV-48),  the  only  observed  effect  was  a  continued  lateral 
spread  of  this  patch  of  smoothed  water.  Two  of  the  Lithanol  charges 
(lV-46  and  47)  showed  a  continued  arrival  of  material  at  the  surface  for 
several  seconds  after  the  initial  arrival.  This  material  produced  a  series 
of  Jets,  probably  the  result  of  the  arrival  euid  breakup  of  a  series  of 
small  bubbles  at  the  surface.  On  the  final  50-lb  Lithanol  shot  (PW-49), 
there  appeared  to  be  a  single,  larger  bubble  arriving  at  the  surface. 
However,  the  maxlraurn  vertical  displacement  was  still  small,  being  less 
than  a  foot. 
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The  arrival  times  of  the  bubble  products  at  the  surface  for  the 
steam  charges  are  also  given  In  table  5-1-  It  was  much  more  difficult 
to  determine  these  times  than  It  had  been  for  pentollte  because  of  the 
small  surface  disturbance  Initially  observed  with  both  compositions. 

Because  of  the  larger  bubble  produced  by  these  charge,  the  velocity 
Imparted  during  migration  was  higher  than  for  pentollte.  For  the  hydro¬ 
gen  peroxide  charges,  a  value  of  ft/sec  was  computed;  for  Llthanol, 

a  value  37.7  ft/sec  was  computed.  These  values  of  velocity  would  give 
arrival  times  at  the  surface  of  3*0  sec  eind  2.87  sec,  respectively.  The 
much  longer  time  required  for  the  bubble  to  reach  the  surface  Is  In  accord¬ 
ance  with  the  other  evidence  Indicating  nearly  complete  condensation  of 
the  bubble  after  three  pulsations.  In  actuality,  there  probably  are  some 
gases  left  from  the  booster  and  from  any  Incomplete  chemical  reaction  of 
the  charge.  This  small  gas  bubble  probably'  broke  up  into  smaller  bubbles 
as  It  lose  toward  the  surface.  The  motion  of  these  smaller  bubbles  is 
more  apt  to  be  Influenced  by  density  gradients  iu  the  water  caused  by 
temperature  and  salinity,  \dilch  would  account  for  the  large  variation  In 
arrival  times  observed  for  these  compositions. 

The  anomaly  mentioned  above  was  Shot  Ei-k9,  where  the  remaining  bub¬ 
ble  products  apparently  did  not  break  up  but  rose  to  the  stcrface  as  a 
single  larger  bubble,  resulting  In  a  considerably  earlier  arrival  time 
and  more  vertical  displacement  than  obseirved  with  the  other  steam  charges. 
Whether  this  Is  due  to  the  booster  gases  (a  2- lb  booster  was  used,  all 
except  PW-1-7  used  1-lb  boosters).  Incomplete  chemical  reaction,  or  the 
result  of  environmental  conditions.  Is  not  definitely  known.  Both  shock 
wave  and  bubble  measiu-eruer.tc  indicate  no  significant  difference  In  the 
detonation  characteristics  of  this  charge  from  the  other  50-lb  Lithano! 
chaurges. 

Initial  studies  of  containment  (Young,  In  Preparation)  have  eJ-so  shown 
such  apparent  anomalies.  These  studies  have  indicated  that  the  depth  at 
which  these  charges  were  fired  Is  close  to  the  critical  depth  below  vrtilch 
no  surface  effects  will  be  observed  from  steam  charges  of  this  weight. 

Thus,  the  surface  arrival  would  be  strongly  affected  by  envlronmenteJ. 
effects  such  as  temperature  and  salinity  gradients.  It  Is  possible  that 
PV/-49  was  fired  at  a  time  'vrtien  these  gradients  were  such  as  to  allow  a  rapid 
rise  of  the  remaining  products  to  the  surface,  while  the  other  shots  were 
fired  when  the  gradients  tended  to  retard  the  upward  motion.  Unfortunately, 
no  information  on  temperature  and  salinity  is  available  to  substantiate 
this  h^r'prthesis. 

5.2  300-lb  CHARGES 

The  purpose  of  obtaining  above-surface  photography  of  the  500-lb 
explosions  was  oo  obtain  estimates  of  the  period  of  bubble  pulses  which 
occurred  too  close  to  the  water  surface  to  be  detected  by  PE  gages.  Since 
discontinuities  in  the  motion  of  the  surface  phenom^^na  are  caused  by  the 
bubble  pulses,  estimates  of  the  periods  can  be  rade  by  oorrelaling  the 
discontinuities  In  the  helght-vs-time  curves  of  the  surface  phenomena  with 
such  pulses.  Much  of  the  period  Information  on  which  the  migration  equa- 
tlons  used  here  are  based  were  obtained  in  this  manner  (Snay,  1962). 
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As  with  the  'jO-lb  charges,  the  first  visible  surface  phenomena  from 
explosions  fired  et  these  depths  result  from  the  reflection  of  the  under¬ 
water  shock  wave  at  the  water  surface,  which  produces  a  dome  of  spray. 

The  bubble  pulses  also  produce  domes  similar  to  those  of  the  shock  wave. 
Finally,  the  arrival  of  the  bubble  products  at  the  surface  produces  plumes 
which  may  be  either  vertical  or  lateral  in  their  initial  motion,  depending 
on  the  phase  of  the  bubble  when  it  reaches  the  surface.  It  is  generally 
believed  that  if  the  bubble  reaches  a  minimum  just  under  the  surface,  the 
resulting  plumes  will  be  vertical;  if  't  is  near  a  maximum  as  it  emerges, 
lateral  plumes  will  be  formed. 

5.2.1  Pentcllte.  The  appearance  of  the  plumes  from  300- lb  pentolite 
charges  Eire  shown  in  Figure  3*2.  Comparisons  of  measured  helght-vs-tlme 
curves  with  bubble  migration  for  pentolite  charges  are  shown  in  Figures 
5.3,  5.^,  and  5*5  for  the  three  depths  fired.  Representative  curves  were 
chosen  as  all  shots  for  a  given  depth  gave  essentially  the  same  results. 

The  migration  shown  is  based  on  the  actual  measured  periods  from  the 
pressure-time  recordings,  using  the  depths  at  the  time  of  bubble  minima 
as  calculi.ted  by  Dr.  CnEVi'’'s  equations.  The  size  of  the  bubble  at  its 
maxima  was  also  calculated  from  Dr.  Snay's  equations;  the  depth  of  the 
center  of  the  bubble  was  taken  as  midway  between  the  depths  of  the  minima. 

In  cases  where  no  period  was  measured,  the  period  shown  was  also  calcu¬ 
lated  from  Dr.  Snay's  equations. 

At  a  depth  of  60  feet,  the  bubble  pulsated  twice  before  reaching  the 
water  surface.  Both  pulses  were  measured  on  the  PE  records.  The  initial 
displacement  of  the  water  surface  indicated  on  Figure  5*3  is  the  spray 
dOTne.  The  first  bubble  pulse  produced  no  visible  discontimiity  in  the 
height -vs- time  curve  and  the  major  development  of  plumes  appears  to  have 
resulted  from  the  second  pulsation  of  the  bubble.  This  plume  development 
appeurently  resulted  from  the  strong  upward  movement  of  the  bubble  near 
the  minimum  and  from  jetting  action  of  the  bubble.  This  jet  is  produced 
by  the  rapid  upward  motion  of  the  bottom  of  the  bubble  near  the  minima. 

The  jet  penetrates  the  top  of  the  bubble  and  rises  above  it.  The  pos¬ 
sible  path  of  such  a  jet  (from  the  bottom  of  the  bubble  at  its  maximum 
through  the  position  of  the  measured  pulse  )  is  shown  on  Figttre  5»3» 

The  plumes  illustrated  in  Figure  3*2  show  both  a  central  jet  resulting 
from  this  jetting  action  and  lateral  plumes  formed  by  the  arrival  of  the 
bubble  Itself. 

Four  bubble  pulses,  of  which  three  were  measured  on  the  FE  records, 
are  predicted  for  the  dO-foot  depth.  As  shown  in  Figure  'y.k,  discontinu¬ 
ities  in  the  helght-vs-time  curve  can  be  attributed  to  the  second  and 
third  bubble  pulses.  At  this  depth,  it  appears  that  the  average  motion 
of  the  bubble  impEirted  through  migration  produced  the  final  plumes  observed. 
The  curve  shown  for  the  average  motion  was  drawn  through  the  first  three 
pulses  as  the  time  and  position  of  the  fourth  pulse  is  somewhat  in  doubt. 

It  seems  probable  that  by  the  time  the  bubble  had  pulsated  four  times, 
the  pulsation  was  weak  and  jetting  or  any  marked  Increase  in  velocity 
near  the  minimum  was  quite  small.  It  is  possible  that  no  fourth  pulse 
actually  occurred,  since  its  predicted  depth  is  oirly  four  feet  beneath 
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the  surface  and  the  prediction  of  the  time  and  position  of  the  later 
pulses  is  admittedly  crude. 

Three  bubble  pulses  vere  also  measxured  on  the  PE  records  for  the 
100- foot  depth,  although  five  were  predicted.  As  can  be  seen  in  Figure 
5e5j  discontinuities  in  the  hsight-vs-time  cxirve  can  be  attributed  to  two 
of  the  last  three  bubble  pulses.  On  some  of  the  other  pentolite  shots 
at  this  depth,  it  was  possible  to  attribute  discontinuities  to  all  three 
of  these  pulses.  It  is  apparent  that,  at  this  depth,  motion  imparted  to 
the  bubble  through  the  migration  process  probably  accounts  for  the  final 
discontinuity  in  the  surface  effects.  In  this  case,  the  average  curve 
is  based  on  the  first  four  pulses.  It  is  also  possible  that  the  bvibble 
pulsated  more  than  five  times  since  as  many  as  seven  pulses  have  been 
observed  for  underwater  explosions.  However,  if  it  did  pulse  again,  this 
pulse  was  probably  very  weak  and  had  little  effect  on  the  moticaa  of  the 
bubble  products. 

5.2.2  Lithanol.  The  appearance  of  the  3\xrface  phenomena  for  the 
300-lb  LithEinol  charges  is  shown  in  Figure  5*6.  Correlations  of  the 
hei^t-vs-time  curves  with  bubble  migration  for  the  300-lb  Ldthanol 
charges  are  shown  in  Figures 5*7,  5*9,  and  5*9*  At  the  60-foot  depth, 
shown  in  Figure  5*7,  the  bubble  pulsed  twice  before  reaching  the  water 
surface.  Both  of  these  pulses  were  measured  on  the  PE  records.  The 
first  discontinuity  on  the  height-vs-time  curve  can  be  attributed  to  the 
first  bubble  pulse.  The  major  surface  upheaval  was  produced  by  tha 
second  pulse,  probably  both  by  Jetting  and  the  strong  upward  migration 
of  the  bubble  near  the  minimum.  As  can  be  seen  in  Figure  5*6,  both  a 
central  Jet  resulting  from  the  bubble  Jet  and  plumes  more  lateral  in 
direction  which  resulted  from  the  re-exjjansion  of  the  bubble,  were 
observed.  The  above  surface  effects  in  general  were  quite  similar  to 
those  observed  for  the  60-foot  pentolite  shots,  although  the  separate 
plumes  were  more  distinct  for  this  composition  because  the  second  pulse 
occurred  at  a  depth  somewhat  shallower  than  for  pentolite. 

Three  pulses  were  measured  on  the  PE  records  for  the  80-foot  depth 
and  three  are  also  predicted.  Figure  5*^  shows  that  the  first  pulse 
produced  no  discontinuity;  discontinuities  can  be  attributed  to  the 
second  and  third  pulses.  The  time  of  occurrence  of  the  third  pulse 
measured  on  the  PE  records  disagreed  somewhat  with  that  predicted  (see 
Chapter  6).  The  position  of  the  bubble  at  this  time  therefore  is  not 
known  with  confidence  and  the  eigreeraent  in  terms  of  eirrival  time  between 
Jetting  and  obser/ed  surface  effects  is  not  as  good  as  had  been  previously 
noted.  However,  the  rate  of  rise  of  the  surface  eruption  correlates  well 
with  that  of  the  Jet,  which  tends  to  indicate  that  this  eruption  also 
originated  from  Jetting  of  the  bubble.  The  primarily  vertical  nature  of 
the  plumes,  as  shora  in  Figure  5*6,  also  indicates  such  an  origin. 

The  correlation  between  bubble  migration  and  observed  surface  effects 
for  the  100- foot  Lithanol  shot  is  shown  in  Figure  5 •9*  At  this  depth, 
discontinuities  on  the  height-vs-time  curve  can  be  attributed  to  the 
second  and  third  bubble  pulses.  The  final  discontinuity,  which  produced 
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the  largest  surface  upheaval,  apparently  resulted  from  the  arrival  of  the 
water  jet  produced  by  the  final  collapse  of  the  bubble.  In  this  case, 
the  final  pulse  took  place  at  a  depth  of  about  k2  feet.  The  velocity 
and  arrival  time  at  the  surface  of  a  jet  formed  at  the  tirae  of  the  third 
pulse  are  in  excellent  agreement  with  the  observed  final  surface  phenomena. 
In  addition,  the  plumes  observed  here  were  vertical,  which  also  tends  to 
substantiate  the  concept  of  jetting.  There  was  no  evidence  of  a  fourth 
bubble  pulae. 

5. id. 3  H^O^/AI.  Because  the  size  and  period  of  the  bubble  for  the 
300-lb  charguy  "uf  the  K2O2/AI  composition  were  quite  similar  to  those  of 
Lithanol,  the  correlation  between  migration  and  surface  effects  were 
essentially  the  same  for  the  two  compositions.  A  comparison  of  these 
two  phenomena  therefore  will  not  be  made  for  this  composition.  The 
conclusions  reached  fran  such  correlation  are  the  same  as  these  given 
for  Lithanol  in  the  previous  section. 

5 "id. 4  Summary.  For  both  HE  and  the  steam  charges,  it  was  possible 
to  correlate  discontinuities  in  the  above  sxarface  effects  with  the  shock 
wave,  bubble  pulses,  and  arrival  of  the  bubble  products  at  the  water 
surface.  The  time  of  these  discontinuities  extrapolated  back  to  the  water 
surface  and  their  probable  origins  are  given  in  Table  5* id  for  all  shots. 

As  can  be  seen  in  the  previous  figures,  these  times  often  represent 
considerable  exti'apolation  of  the  height-vs-time  curve  or  result  from 
very  slight  changes  in  velocity.  In  some  cases,  no  discontinuity  was 
observed  for  a  pulse  although  it  was  observed  on  other  shots  of  the  same 
composition  fired  at  the  same  depth.  In  spite  of  these  large  extrapola¬ 
tions,  good  correlation  with  the  bubble  phenomena  was  obtained.  No 
evidence  of  a  fourth  bubble  pulse  was  observed  for  the  300- lb  charges 
of  either  steam  composition,  in  agreement  with  the  current  description 
of  the  behavior  of  a  steam  bubble.  However,  such  a  pulse  was  observed 
with  the  50- lb  steam  charges. 

It  appears  that  the  final  bubble  collapse  is  such  that  eji  upward 
Jet  of  water  is  formed  which  contains  the  residxzal  momentum  of  the  system. 
This  is  evident  from  the  agreement  of  such  a  jet  with  the  origin  and 
velocity  of  the  surface  effects,  and  frem  the  generally  vertical  nature 
of  the  plumes  -v^iich  are  formed.  On  the  other  hand,  the  average  motion 
of  the  entire  bubble  appears  to  be  the  mechanism  of  rise  for  the  HE 
charges,  unless  the  minimum  occurs  close  to  the  surface.  Further  work, 
especially  in  a  tank  where  jhotography  of  the  bubble  is  possibDe,  is 
needed  to  verify  this  jetting  action,  since  the  conclusions  reached  are 
based  on  a  limited  amount  of  data. 

5.3  OTHER  SURFACE  PHENOI^NA  RESUT-TS 

While  the  times  of  the  discontinuities  showed  good  reproducibility 
for  the  same  explosive  fired  at  the  same  depth,  the  dimensions  of  the 
above  surface  effects  varied  considerably.  The  maximum  height  of  the 
phenomena  for  each  shot  is  included  in  Table  ^.2.  As  expected,  0  trend 
of  decreasing  height  with  depth  is  evident  for  each  composition.  The 
greater  height  attained  by  the  steam  charges  result  from  the  larger 
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initial  bubble  formed  by  the  compositions  (vhich  essentially  resulted  in 
a  shallover  depth  in  terns  of  the  migration  process)  and  from  the  Jetting 
action  of  the  bubble,  which  produced  a  plume  ^ich  was  primarily  vertical 
rather  than  lateral. 

The  reproducibility  of  surface  phenomena  dimensions  is  generally 
considered  to  be  of  the  order  of  30  percent;  and  with  the  exception  of 
one  depth  for  the  H2^/A1  composition,  the  scatter  of  heights  was  well 
within  this  range.  Ime  60-foot  depth  for  this  composition  produced  a 
mecrked  difference  in  heists  for  the  two  shots  fired,  although  the  general 
appeareuice  of  the  plumes  was  the  same,  nie  predicted  position  of  the 
second  bubble  pulse  was  only  four  feet  below  the  water  surface.  It  seems 
lihely  that  the  actual  depth  of  origin  of  this  pulse  was  slightly  dif¬ 
ferent  for  these  two  shots  and  at  such  a  shallow  depth,  a  small  difference 
is  probably  quite  critical,  ^Ich  accounts  for  the  wide  difference  in 
observed  heights. 
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TABLE  5.1  ARRIVAL  TIME  OF  BUBBLE  COIITEOTS 
AT  SURFACE  FOR  50- lb  CHARGES 


Shot 

No. 

Camera 

No. 

Arrival  Time 
(sec) 

Remarks 

Pentolite 

PW-3^ 

653 

5.6 

657 

5.2 

PW-35 

653 

~ 

No  timing 

657 

5.8 

PW-45 

653 

5.1 

657 

— 

PW-50 

653 

5.1 

657 

5.4 

Lithanol 

PW-46 

653 

10.8 

657 

— 

SZ  out  of  field 

PW-1^7 

653 

mm 

No  timing 

657 

SZ  out  of  field 

PW-48 

653 

12.2 

657 

12.5 

PW-49 

653 

5.8 

657 

6.3 

H,0^/A1 

PW-36 

653 

— 

No  zero  frame 

657 

No  zero  frame 

PW-37 

11.4 

657 

11.2 

PM- 38 

653 

9.5 

657 

9.9 

NOTE :  Camera  653  equipped  with  lOOtnm  lens,  camera  657  with  a  150mm  lens. 
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Indicated  probable  soiirce  of  discontinuity:  J- Jetting  of  bubble;  M-mss  lECtlon  imparted  from 
migration;  T-bubble  pulses. 


6.4  SECONDS 


17.6  SECONDS 


7.2  SECONDS 
PENTOLITE 


19.7  SECONDS 
LITHANOL 


FIG  .5. 1  BUBBLE  ARRIVAL  FOR  50-LB  PENTOLITE  AND  LITHANOL  CHARGES 
FIRED  AT  A  DEPTH  OF  100  FEET 
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60  FT  DEPTH  3.77  SEC 


80  FT  DEPTH  4,11  SEC 


100  FT  DEPTH  3,76  'IPr 


FIG.  5.2  PLUME  PHENOMENA  FROM  300-LB  PENTOLITE  CHARGES 
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FIG. 5. 3  COMPARISON  OF  ABOVE  SURFACE  EFFECTS  WITH  BUBBLE  MIGRATION 
300-LB  PENTOLITE  AT  60  FEET 
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FIG. 5. 5 


CO.MPAPJSON  OF  ASOV'E  SURFACE 
300-15.  PFNTOLITE  AT  100  FEET 


EFFECTS  WITH  BUBBLi'  MIGRATION, 
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80  FT  DEPTH 


FIG. 5  6  PLUME  PHENOMENA  FROM  300-LB  LITHANOL  CHARGES' 
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FIG. 5. 7  COMPARISON  OF  ABOVE  SURFACE  EFFECTS  WITH  BUBBLE  MIGRATION, 
300-LB  LITHANOL  AT  60  FEET 
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FIG. 5. 9  COMPARISON  OF  ABOVE  SURFACE  EFFECTS  WITH  BUBBLE  MIGRATION, 
300-LB  LITHANOL  AT  100  FEET 
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6.  COMPARISON  \mR  PREVIOUS  WORK 

6.1  PREVIOUS  LITHANOL  AND  H^O^^j/AI  DATA 

As  has  been  indicated  above,  data  have  been  obtained  for  these  tvo 
compositions  in  8-  8Uid  l6-lb  ch€u:ge  sizes  (Riillips  and  Keathcote,  1566). 
In  addition,  some  bubble  data  from  1-lb  charges  of  the  Lithenol  cor, po¬ 
sition  are  also  available  (Phillips  and  Scott,  1965).  Combined  with 
the  data  given  in  this  report,  information  for  a  reuage  of  weights  from 
1  to  300  lb  is  now  available. 

6.1.1  Shock  Wave.  The  shock  wave  parameters  for  both  compositions 
eure  given  in  tabular  form  in  Table  6.1.  Ihe  agreement  for  Lithanol  over 
the  range  of  weights  fired  is  excellent;  the  closeness  of  the  values  is 
possibly  soae'Aat  fortuitous  as  the  slopes  of  the  50-  and  300-lb  data 
were  adjusted  to  the  slope  of  the  8-  and  l6-lb  results,  “owever,  the 
results  show  no  evidence  of  problems  of  initiation  for  L-^nanol. 

As  caul  be  seen  in  Table  6.1,  this  is  not  true  for  the  hydrogen  per¬ 
oxide  composition.  It  had  been  felt  that  the  smaller  charges  of  this 
caqKSsitlon  did  not  detonate  properly,  and  this  is  substantiated  by  the 
Increase  in  shock  wave  parameters  for  the  larger  clmrges.  The  increase 
in  peaik  pressure  is  shown  graphically  in  Figure  6.1.  It  generally  has 
been  possible  to  improve  the  detonation  characteristics  of  smeller 
charges  by  using  a  very  large  booster.  This,  however,  has  certain 
disadvantages  for  this  composition  since  the  booster  Introduces  permanent 
gases  into  the  bubble;  in  addition,  the  booster  gases  may  modify  the 
postulated  chemical  reaction.  Ihus,  -vdiile  it  might  solve  the  detonation 
problem,  the  introduction  of  additional  permanent  gases  may  render  the 
composition  useless  for  its  intended  purpose. 

6.1.2  Bubble .  As  has  been  indicated  in  Chapters  3  and  4,  a  definite 
increase  in  bubble  parameters  J  and  K  with  increasing  charge  weight  was 
noted.  The  values  for  J  and  K  for  the  various  weights  is  given  in  tabu¬ 
lar  form  in  Table  6.2  and  shown  graphically  in  Figure  6.2.  For  both  J 
and  K,  the  values  for  the  steam  compositions  have  been  adjusted  by  the 
percentage  that  the  pentolite  standards  differed  from  the  accepted  value. 
For  K,  this  correction  was  less  than  one  percent  for  all  but  the  300- lb 
charges,  ^ere  it  was  as  hl^  as  4  percent;  for  J  it  was  as  large  as 

6  percent  for  some  of  the  smaller  charges,  due  possibly  to  the  nonspheri- 
cal  shape  of  the  bubble  for  these  charges.  In  cases  ^ere  no  meaningful 
values  of  bubble  radius  were  obtained,  J  was  calculated  using  the  ratio 
of  j/k  obtained  from  the  8-  and  l6-lb  charge  programs.  As  was  noted  in 
Chapter  4  for  the  3OO— lb  hydrogen  peroxide  charges  (wiere  good  radius 
measurements  were  obtained)  this  method  appears  to  be  sufficiently 
accurate. 

This  increase  in  J  and  K  with  increasing  charge  wei^t  is  not  us\ially 
observed  with  conventional  high  explosives;  rather,  thay  have  a  constant 
value  over  a  wide  range  of  charge  wei^ts.  In  the  case  of  the  hydrogen 
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peroxide  composition,  this  increase  possibly  is  the  result  of  the  deto¬ 
nation  problems  observed,  although  this  probably  does  not  account  fully 
for  it.  The  shock  wave  resiilts  indicate  that  proper  detonation  took 
place  for  Lithanol;  thus,  the  increase  in  the  bubble  parameters  for  this 
composition  undoubtedly  is  real.  It  probably  results  from  the  longer 
time  available  to  burn  the  aluminum  in  the  composition.  If  the  increase 
is  the  result  of  the  Increased  burning  of  aluminum,  it  would  be  expected 
that  J  and  PC  would  level  off  at  a  weight  where  sufficient  time  was  avail¬ 
able  to  completely  oxidize  the  aluminum.  This  increase  is  of  immediate 
concern  in  that  one  of  the  plaiuied  uses  of  these  compositions  is  in 
scaling  studies  wlili;h  are  dependent  on  the  bubble  parameters  (see  Chapter 
7).  Leirger  charge  weights  than  those  fired  to  date  will  be  used  amd  the 
values  of  J  and  K  must  be  knowr  in  order  to  properly  scale  the  conditions. 

6.2  COMPARISON  WITH  riUJLEAE  EXPLOSIOIE 

It  has  already  been  reported  (Phillips  and  Heath cote,  19 66)  that 
the  shock  waves  from  both  of  the  compositions  do  not  simulate  to  any 
degree  the  shock  wave  of  a  nuclear  explosion,  having  a  much  lower  pres¬ 
sure  and  a  longer  dxrration.  '.■Jhile  the  increased  shock  wave  pressures  of 
the  larger  hydrogen  peroxide  charges  improved  the  shock  wave  simulation 
for  this  composition  over  that  from  the  small  charges  previousljf  reported, 
even  the  300- lb  charge  does  not  bring  it  close  to  nuclear.  As  the  prime 
objective  was  to  simulate  the  bubble  effects,  this  lack  of  shock  wave 
similarity  is  of  little  consequence  and  will  not  be  discussed  i\irther 
in  this  report. 


Of  primary  interest  insofar  as  simulation  of  the  bubble  is  concerned 
is  the  condensation  effect.  In  determining  how  well  the  condensation 
effects  of  these  compositions  compare  to  those  of  a  nuclear  bubble,  com- 
peirison  of  successive  periods  is  used.  This  is  the  only  available  means 
to  make  these  comparisons  for  field  size  charges.  Snay  (i960)  has  given 
the  following  relationship  for  the  ratios  for  successive  periods  relative 
to  the  first: 


T 

n 


/faY/3  /I  -  0.1  A„/a  \ 

,V  Vl)  Ai/'Ji) 


(6.1) 


The  subscript  1  refers  to  the  first  cycle  of  oscillation  of  the  bub¬ 
ble.  The  subscript  n  refers  to  successive  cycles  (n  =  2,  3>  etc.).  The 
ratio  ^  i/rn  is  the  fraction  of  energy  remaining  in  the  bubble  after  the 
n-th  pulsation.  It  is  this  ratio  which  is  markedly  different  between  the 
HE  and  nuclear  cases  because  of  the  reduction  in  bubble  energy  due  to  con¬ 
densation.  Dr.  Snay  has  made  estimates  of  this  ratio  for  nuclear  bubbles 
based  on  the  general  slope  of  the  HE  energy  curves  (Snay,  i960).  He  used 
the  limited  steam  bubble  data  available  at  the  time  from  electric  sparks 
fired  vuider  water  and  from  the  periods  measured  on  Operation  Wigwam. 


The  period  ratios  both  steam  compositions  meas- 

ui’ed  on  these  programs  are  comparea  in  Figures  6.3  and  6.4  to  those 
predicted  on  the  basis  of  Equation  6.1  and  ratios  given  in  the 
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reports  by  Snay  (i960,  196;^).  For  T2/Tj,>  this  ratio  is  somewhat  lower 
than  predicted  but  considerably  lower  than  that  predicted  for  HE.  The 
pentolite  values  are  also  lower  than  predicted;  thus,  for  the  steam 
cheirges,  the  agreement  still  is  good,  the  difference  being  about  the 
same  as  that  observed  for  this  ratio  and  for  the  50-lb  pentolite  charges. 
In  the  case  of  the  300“ lb  charges,  the  third  pulse  occurred  close  to  the 
s\irface  and  not  as  good  agreement  was  obtained.  This  possiblj'^  is  due  to 
improper  correction  for  the  proximity  of  the  surface.  It  is  also  due.  at 
least  in  part,  to  the  lack  of  precise  knowledge  of  the  nuclear  bubble 
parameters  in  this  region.  The  values  for  r^/rj^  currently  available  do 
not  permit  a  realistic  prediction  of  the  third  pulse  for  depths  only 
slightly  shallower  than  the  WigwEun  condition  (Zj^/Ai_  -  This  is 

equivalent  to  a  firing  depth  of  about  9^*  feet  for  a  300-lb  charge.  A 
third  pulse  was  detected  at  a  depth  of  80  feet  =  4.91),  however. 

It  thus  appears  that  the  steam  charge  results  can  be  used  to  Improve  our 
prediction  capability,  particularly  for  the  later  bubble  pulses  at  scaled 
firing  depths  shallower  than  Wigwam. 


Another  comparison  wliich  can  be  made  with  nuclear  results  is  the 
ranged  migration  of  the  bubble.  Ranging  results  \diich  were  given  previously 
in  Chapters  3  and  k  are  comiJared  graphically  in  reduced  form  in  Figures 

6.5  emd  6.6. 


Bubble  migration  to  the  first  mlnitman  (^diich  occurs  at  T^)  is  shown 
in  Figure  6.5.  The  migration  AZ  represents  the  difference  between  the 
ranged  depth  of  burst  and  the  ranged  depth  of  the  first  bubble  pulse. 
Previous  experimental  work  with  HBX-1  charges  in  free  water  yielded  the 
following  empirical  equation  describing  this  migration  (Snay  et  al,  195<^): 


gZ  =  100 


Z 


{6.2) 


Goertner  (1956),  in  tank  studies  of  bubble  migration,  has  shown  that 
Equation  6.2  corresponds  to  the  observed  top  of  the  bubble  at  its  minimum 
radius  and  thus  tends  to  confirm  the  concept  that  remging  is  accomplished 
using  signals  generated  by  the  water  hammer  effect  as  the  bottom  of  the 
bubble  impinges  on  the  top.  Applying  Equation  6.2  to  a  300-lb  charge  of 
Lithanol,  using  the  factor  W  =  I.58  (Snay  et  al,  195'2), 

this  equation  reduces  to:  bithanol 


El  = 

z 


(6.3) 


and  is  represented  by  the  line  in  the  figure. 

The  first  migration  measured  on  these  tests  is  consistently  higher 
than  previous  results  sho’m  by  the  line.  For  instance,  at  a  depth  of  100 
fegt,  the  reduced  migration  t^/z  is  about  0.0ia7  greater  than  predicted; 

AZ  is  thus  about  3»6  feet  greater.  The  \incertainty  in  ranging  is  of  this 
order,  thus  these  results  are  in  acceptable  agreement  with  other  previous 
experimental  values. 
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Figure  6.6  shows  the  bubble  migration  between  the  first  and  second 
rainiroa  for  booh  pentolite  and  the  steam  compositions.  This  has  been 
compared  with  the  migration  predicted  by  Snay  (i960).  No  indication  of 
the  expected  decrease  in  migration  of  the  steam  bubble  is  evident  from 
the  experimental  data.  This  is  probably  because  the  possible  errors  in 
ranging  are  greater  than  the  expected  differences .  For  Instance,  the 
difference  in  migration  for  a  300-lb  Lithanol  charge  fired  at  a  depth  of 
100  feet  is  only  five  feet  using  Dr.  Snay's  HE  and  nuclear  bubble  energies. 
As  noted  in  Chapter  3,  uncertainty  in  ranging  the  pulses  was  greater  than 
this.  In  addition,  ranging  of  the  second  pulse  for  the  pentolite  charges 
was  extremely  difficult  and  there  is  considerable  uncertainty  in  the 
accui'acy  of  the  values  obtained.  Thus,  the  values  shown  for  pentolite 
cannot  be  used  as  a  standard  as  has  been  done  previously  in  comparing  HE 
and  steam  charge  results.  It  thus  appears  that  canparison  of  the  observed 
and  predicted  migration  for  steam  and  conventional  charges  is  too  insen¬ 
sitive  a  parameter  to  indicate  the  condensation  effect. 

Based  on  the  bubble  period  data,  it  appears  that,  both  of  the  steam 
compositions  reproduce  to  an  acceptable  degree  the  condensation  effects 
of  a  nuclear  bubble.  Conversely,  the  resxilts  also  tend  to  increase  the 
confidence  in  the  current  prediction  methods  for  free  water  nuclear 
bubble  behavior  which,  as  has  been  pointed  out,  are  based  on  the  e>Ara- 
polation  of  HE  results  using  only  a  very  limited  amcmnt  of  nuclear  and 
spark  bubble  data. 
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TABLE  6.1  SUMI'IAEY  OF  SHOCK  WAVE  PAHAMlTi.’RC  FOl. 
ALL  WEIGHTS  OF  THi'  STEAI^i  C(»^PO::mOMr. 


Composition 

Variable 

Nominal 

Weight 

'lb) 

1’>'rant;tors 

n 

a 

Lithanol 

P 

b-l6 

l.lTxlo'^ 

1.03 

m 

4 

50 

1.17x10 

1.03 

300 

1.17x10*^ 

1.03 

e/wV3 

8-l6 

1.5J+xlO^ 

1.86 

50 

1.3i^xl0^ 

1.86 

300 

1.37x10^ 

1.86 

8-l6 

1.98 

0.88 

50 

1.63 

0.88 

300 

1.62 

0.88 

h^o^/ai 

^m 

8-l6 

0.87x10^ 

1 

1.09 

50 

1.60x10^ 

1.09 

300 

1.9*5x10^ 

1.09 

eAt^^ 

8-l6 

1.61x10^ 

i?.15 

50 

3.49x10^ 

2.15 

300 

4.48x10^ 

^.15 

iy/3 

8-l6 

2.16 

1.05 

50 

2.66 

1.05 

300 

2.89 

1.05 

vtrm?c  . 


Data  for  5®-  and  300-lb  cheurges  vas  fitted  to  slope  obtained  on 
8-l6  lb  programs. 
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TABLE  S.d  BW.H-IARY  OF  BUBBLE  PARAMETERS  FOR 
ALL  WEIGHTS  OF  THE  STEAM  COlH=OSmONS 


Weight 

J 

K 

No. 

Shots 

Source  of  Data 

Lithanol 

1.0 

15.0 

3.26 

5 

NOLTR  65-176 

7.7 

15.2* 

5.45 

3 

Unpublished 

8.0 

15.2 

5.37 

6 

NOLTR  66-79 

16.3 

IU.7 

_  / 

5.^9 

5 

NOITR  66-79 

5i?.5 

15.9^^ 

5.62 

1+ 

Section  3.2.1 

290 

16.3^ 

5.75 

5 

Section  3*2.2 

h^o^/ai 

7.U 

16.1 

5.77 

U 

NOLTR  66-79 

IU.6 

16.0 

5.^3 

U 

NOLTR  66-79 

i^3.3 

17. 'vi/ 

6.25 

2 

Section  U.2.1 

263 

17.3 

6.35 

6 

Section  4.2.2 

"y  Calculated  from  the  experiine»'tally  determined  K  and  the  j/k  ratio 
from  the  b-  and  l6-lb  programs. 


71 

CONFIDEHTIAL 


PEAK  PRESSURE  (PSI) 


CONFIDENTIAL 
NOLTR  67-7 
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REDUCED  DISTANCE  w’^^/R  (Lb’^/FT) 

FIG.  6. 1  COMPARISON  OF  PEAK  PRESSURES  OBTAINED  WITH  VARIOUS  WEIGHTS  OF  HjOj/AI 
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FIG.  6.3  COMPARISON  OF  PREDICTED  AND  MEASURED  SECOND  PERIOD  RATIO 
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FIG.  6.4  COMPARISON  OF  PREDICTED  AND  MEASURED  THIRD  PERIOD  RATIO 
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X  PENTOLITE 
O  LITHANOL 
0  H2O2/AI 
I  )  NO.  DATA  POINTS 


3  4  5  6  7  8 

Zl/Al 


FIG.  6.5  BUBBLE  MIGPjMION  TO  FIRST  MINIMUM 


0  6  *  PENTOLITE 

‘  O  LITHANOL 

0.5  H2O2/AI 


NUCLEAR- 


3  4  5  6  7  8 


FIG.  6.6  BUBBLE  MIGRATION  BETWEEN  FIRST  AND  SECOND  MINIMA 


CONFIDENTIAL 


CONFIDEHTIAL 
NOUTR  67-7 


7.  SCALING  OF  STEAM  CHARGE  RESUI/TS 


In  scaling  shallov  undejrwater  explosions,  cube  root  scaling  is  used. 
The  reduced  depth  of  such  au  explosion  is  defined  as  (Snay,  1964): 

■  ;;i73 

vhere:  X.^  *  reduced  depth,  ft/lb 

d  =  charge  depth,  feet 
W  =  charge  vei^t  lb 

Two  nuclear  tests  have  been  fired  in  the  shallow  region t  These  were 
Ci’ossroads  Baker  (23  kt  at  90  feet)  and  Shot  Umbrella  of  Operation  Hsurdtack 
(8  kt  at  150  feet).  Converting  the  yield  to  lb  (l  =  2  x  10°  lb),  the 
reduced  depths  for  these  two  shots  are  O.25I  ft/lb^/3  and  O.S95  ft/lbV3^ 
cspectively. 

In  scaled  explosion  studies  in  this  region,  the  prime  contribvitor  to 
the  above  s’orface  effects  is  the  action  of  the  bubble.  Therefore,  it  uas 
been  attempted  to  simulate  the  action  of  the  bribble.  This  was  done  by 
placing  the  conventional  charge  at  a  different  reduced  depth  than  the 
nuclear  device  to  account  for  different  bubble  energies.  Specifically, 
this  scaled  depth  was  determined  by  use  of  the  following  equation: 


X  =  X 
^d(HE)  ^d(NUC) 


(7.2) 


■vhere:  subscripts  HE  and  NUC  refer  to  conventional  high  explosives  and 

nuclear,  respectively. 

Extensive  use  has  been  made  of  H?’.I-1  in  previous  scaling  studies  as 
this  explosive  has  nearly  the  same  energy  partition  between  shock  wave 
and  bubble  as  does  a  nuclear  explosion.  For  HBX-1,  J  is  equal  to  14,4; 
thus  the  reduced  depths  for  scaling  Baker  ^d  Umbrella  with  this  explo¬ 
sive  (using  Equation  7.2)  are  0.304  ft/lbV3  and  0.720  ft/lb^/^,  respec¬ 
tively. 


VJhile  this  same  procedure  can  be  used  for  the  steam  charges,  it  becomes 
more  complicated  because  J  is  a  function  of  charge  weight.  Therefore,  in 
order  to  properly  place  the  charge,  it  is  necessary  that  the  value  of  J 
be  determined  for  the  charge  weight  fired.  This  value  can  then  be  used 
in  Equation  7«2  to  determine  the  proper  reduced  depth.  For  example,  sup¬ 
pose  it  is  desired  to  fire  a  50-lb  Lithanol  charge  at  the  same  reduced 
depth  as  Umbrella.  From  Figure  6.2,  it  can  be  found  that  J  is  equal  to 
15. B.  Using  this  value,  Equation  1.2  becomes: 
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^HE)  “  ^  (°-595)  (7.3) 

^d(KE)  -  (T-M 

From  Equation  7*1: 

=  2.91  ft  (7.5) 


For  a  differenn  weight,  the  value  of  X<j  will  be  different  for  scaling 
the  same  nuclear  condition.  Table  7.1  lists  the  values  of  J  and  resulting 
scaled  depths  for  Baker  and  Umbrella  for  several  weights  of  Lithanol. 


For  reproducing  exactly  the  bubble  parameters  of  a  nuclear  burst, 
the  bubble  size  for  both  the  steam  composition  and  nuclear  must  be  the 
same.  In  other  words: 


or: 


^^maxW  ~  ^^max^MJC 


(7.6) 


(7.7) 


Since  the  charge  depth  emd  hence  the  hydrostatic  head  Z  are  the  seune  foi 
both  HE  and  nucleeir,  this  equation  becomes: 


(7.8) 


Nuclear  weapons  are  being  developed  in  the  20-ton  range.  Again 
considerirg  Lithanol,  if  the  relationship  shown  in  Figure  6.2  continues 
to  be  valid  for  larger  charge  weights,  J  will  have  a  value  of  17.2  for 
a  charge  weight  of  13,000  lb.  Using  this  value  of  J  in  Equation  7-7: 

“he  ■  ('‘°’°°°)  Cf-S) 

=  13,300  lb  (7.10) 


Thus,  13,300  lb  of  Lithanol  will  produce  a  bubble  of  the  same  size  as  a 
20- ton  nuclear  burst. 

It  is  not  expected  that  J  will  continue  to  increase  in  the  manner 
shown  in  Figure  6.2  but  will  level  off  at  some  value.  Thus  the  above 
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weight  is  probably  conservative.  Until  further  information  on  the 
variation  of  J  and  K  with  charge  weight  is  obtained,  it  is  recommended 
that  only  charges  weighing  less  than  1000  lb  be  fired  if  these  parameters 
cannot  be  experimentally  detennined. 
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TA3UE  7.1  IMBREUA  AHD  EAKEE  SCAIED  DEPPHS 
FOR  VARIOUS  WEICJHTS  OF  LTTHAHOL 


wt 

(lb) 

J 

ilUU 

X  (Baker) 

X.  (Umbrella) 
(ft/lb^/^) 

8 

15. u 

1.29 

O.32U 

0.768 

l6 

15.6 

1.31 

0.329 

0.780 

50 

15.8 

1.33 

0.334 

0.791 

100 

15.9 

I.3U 

0.336 

0.798 

300 

16.3 

1.37 

0.344 

0.816 

1,000 

16. U 

1.38 

0.346 

0.821 
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B.  CONCLUSIONS  AND  RECOMMENIATIONS 


B.l  CONCLUSIONS 

Tests  of  both  compositions  were  successfully  made.  Measurement  of 
the  shock  wave  i>arameters  for  Lithanol  indicated  no  initiation  problem 
over  the  range  of  weights  fired.  Ihe  coefficients  for  pressure,  impulse, 
said  energy  were  essentially  the  same  and  the  scatter  in  the  data,  when 
compared  to  the  scatter  obtained  with  the  pentolite  standrrds,  showed  no 
significant  differences.  The  shock  wave  parameters  for  this  composition 
are  considerably  lower  than  usually  observed  with  high  explosives  or  with 
a  nuclear  burst.  For  example,  peak  pressure  is  only  about  56  percent  of 
that  of  pentolite  and  about  "  percent  of  that  of  an  equivalent  nuclear 
explosion. 

Handli:^  techniques  for  the  cheurges  were  successfully  developed 

and  the  problems  in  loading  and  handling  these  charges  were  overcome. 
Measurementii  of  shock  wave  parameters  for  this  composition,  however, 
indicated  a  definite  initiation  problem.  The  reduced  peak  pressures  from 
the  SOO-lb  charges  were  nearly  double  those  from  the  B-  and  l6-lb  charges* 
reduced  impulse  and  energj"  also  showed  considerable  increase.  Shock  wave 
peak  pressures  for  the  300~lt  charges  were  closer  to  that  of  pentolite, 

91  percent,  and  were  16  percent  higher  than  those  predicted  for  nuclear 
charges. 

Both  compositions  showed  acceptable  agreement  in  reproducing  the 
condensation  effects  of  a  nuclear  bubble.  This  was  indicated  by  compearing 
the  measured  ratio  of  successive  periods  to  the  first  with  that  predicted 
for  a  nuclear  explosion.  The  values  of  J  and  K  for  both  canpositions 
were  also  hi^er  than  observed  with  either  HE  or  nuclear  charges.  For 
300- lb  charges,  the  Lithanol  J  was  about  29  percent  higher  than  pentolite 
and  37  percent  higher  than  the  nuclear  case.  H^O^/aI  was  about  37  percent 
and  U5  percent  higher,  respectively. 

Both  compositions  showed  an  increase  in  bubble  coefficients  J  and  K 
with  increasing  charge  weight.  For  H2O2/AI,  this  increase  may  be  attributed, 
at  least  in  pert,  to  the  initiation  problem.  For  Lithanol,  however,  where 
there  appears  to  be  no  initiation  problem,  the  increase  is  real  and  is 
believed  to  result  from  the  increased  time  available  to  completely  oxidize 
the  aluminum.  If  this  is  the  reason,  it  would  be  expected  that  J  and  K 
would  level  off  at  some  value  where  time  permitted  complete  oxidation  to 
take  place. 

A  fourth  bubble  pulse  was  measured  on  the  PE  records  for  the  50- lb 
charges  of  both  steam  compositions.  No  more  than  three  bubble  pulses 
were  observed  for  the  300-lb  steam  charges,  either  on  the  PE  records  or 
from  discontinuities  in  the  above  surface  effects. 
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3.2  RECCTWENS^TIONS 

Both  compositions  appear  to  be  about  equal  in  reproducing  the  conden¬ 
sation  effects.  Because  of  the  initiation  problems  experienced  with  the 
H^O-^/aI  charges,  it  is  recommended  that  Lithanol  be  used  as  the  nuclear 
b\ibble  simulant  in  future  work.  This  composition  also  has  the  advantage 
of  being  a  much  easier  explosive  with  which  to  work;  moreover,  control  of 
the  percentage  composition  is  more  easily  accomplished.  Sensitivity 
stability  tests  of  Lithanol  (Appendix  B)  indicate  no  safety  problems  with 
this  explosive. 

Ihe  Increase  in  J  and  K  with  increasing  charge  weight  is  of  concern 
since  large  chargas  will  probably  be  fired  at  depths  too  shallow  to  permit 
these  parameters  to  be  experimentally  determined.  Therefore,  it  is  planned 
to  fire  charges  in  deep  water  to  obtain  these  parameters  for  weights  as 
great  as  those  to  be  fired  in  shallow  water.  For  this  purpose,  13,0(X)-lb 
charges  of  Lithanol  will  be  fired  at  sxifflclently  great  depths  to  obtain 
period  and  radius  measurements.  This  charge,  as  was  mentioned  in  Chapter 
7,  will  produce  a  b\ibble  approaching  that  of  a  20-ton  nuclear  burst  and 
is  probably  close  to  the  best  weight  to  simulate  a  20-ton  nucleeur  device 
in  shallow  water. 

While  the  overall  agreement  with  the  current  nuclear  free  water 
prediction  method  was  acceptable,  it  appears  that  there  are  areas  in  this 
prediction  method  which  could  be  improved.  I.i  particular,  the  time  and 
depth  of  the  third  pulse  is  uncertain.  It  is  recommended  that  attempts 
be  made  to  improve  these  values,  using  the  steam  chairge  information  cur- 
rent3y  available  and  to  be  obtained  in  the  near  futvtre. 

Finally,  a  note  of  caution.  Lithanol  (or  H^O^/aI)  produces  a  bubble 
whose  contents  are  steam  and  whose  condensation  processes  have  been  shown 
to  closely  simulate  those  of  the  nuclear  bubble.  It  does  not,  however, 
simulate  all  the  aspects  of  a  nuclear  bubble.  One  important  area  where 
it  differs  is  in  the  internal  structxu'e  of  the  bubble.  The  nuclear  bi\bble 
has  both  density  and  temperature  gradients  frexn  its  center  to  the  outer 
edge  (Snay,  i960).  Conventional  explosives,  including  Lithanol,  have  a 
constant  density  throughout.  Thus  Lithanol  will  be  useful  in  studying 
condensation  effects;  it  should,  however,  be  used  with  caution  in  studying 
effects  ^ere  the  actual  structure  of  the  bubble  is  of  importauice. 
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APPEKBXX  A 


RANGinG  OF  BUBBIF  FU1£ES 

The  migration  of  an  underwater  explosion  bubble  is  often  determined 
by  remg^og  the  bubble  poises  with  a  vertical  string  of  PE  gages.  Because 
the  ranging  method  was  developed  several  years  ago,  reports  describing  it 
are  no  longer  readily  available.  Therefore,  the  derivation  of  the  ranging 
formulae  will  be  given  in  this  appendix.  These  derivations  were  taken 
from  the  report  by  Schneider  6uid  Cole  (19^6)*, 

Ranging  makes  use  of  a  vertices,  string  of  three  equally  spaced  PE 
gages.  Tlie  geometry  is  shown  in  Figure  A.l.  "nie  separation  of  the  gages 
is  defined  as  a*  The  coordinate  system  has  its  origin  at  the  center  gage 
with  the  Vertical  (y)  axis  positive  in  the  downward  direction. 


Prom  Figui'e  A.l,  it  can  be  seen  that: 


R.  =  r  +  (a  +  y) 

r>  2  2^2 


(a.i) 

(A.2) 


+  (a  -  y)^ 


(A. 3) 


Thus: 


2  2  2 

R^  -  R^  =  a  +  2ay 

2  2  2 

R3  -  Rg  =  a  -  2ay 


(A.4) 

(A.  5) 


If  the  difference  in  distemces  between  the  source  and  successive  gages 
is  defined  as  A,  then: 


^12  ■  ”  ^2 


(A.6) 


^2  ~  ''3  ■  ^2 


(A.7) 


(or  A^p)  is  also  equal  to  the  difference  in  arrival  times  of  the 
source  ftt^^e  two  gages  rmiltlpHod  by  tho  soirnd  sT^oed  In  water  (c  At)* 

It  Is  this  time  difference  which  is  meas\ired  on  the  PE  records.  By 
solving  ec  tions  (A. 6)  and  (A. 7;  for  and  Ro,  respectively,  aind 
substituting  in  Equations  (A. 4)  and  (A.7),  the  following  equations 
obtained : 


♦  See  Bibliography  on  page  A-2. 
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^  (^2  *  ‘  *  ‘^oy  (A.8) 

^i2  ^^2  "■  ^2^  *  -  2ay  (A.9) 


Solution  of  (a. 8)  and  (A.9}  yields: 
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FIG.A.l  GEOMETKY  OF  BUBBLE  RANGING 
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APPENDIX  B 

SENSITIVITY  AND  STABILITY  TESTS  OF  UTHAJOL 

In  order  to  safely  use  an  explosive  In  other  than  laboratory  condi¬ 
tions,  it  is  necessary  to  knov  its  sensitivity  to  vai'ious  physical  effects 
to  TJhich  it  may  be  subjected,  or  to  knov  if  its  existence  in  particular 
media  will  affect  its  sensitivity.  Because  little  informaticn  is  available 
on  the  sensitivity  cf  perchlorates  and  none  on  Llthanol,  several  tests 
he-'e  been  conducted  to  determine  its  sensitivity.  These  tests  vere 
conducted  either  by  or  unaer  the  direction  of  the  Chemical  Engineering 
Division  at  NOL-  Ihey  are  presented  here  to  Indicate  to  other  potential 
users  the  sensitivity  of  Llthanol. 

Details  of  the  tests  have  been  omitted  since  they  are  available 
elsevhere  in  the  literature  for  those  vho  desire  more  information  on  the 
significance  of  these  tests.  Reference  to  reports  wiere  much  detail  is 
available  have  been  given,  comparison  of  results  with  other  comnon  high 
explosives  have  been  made  \diere  possible  to  indicate,  on  a  relative  basis, 
the  sensitivity  of  Llthanol. 


B.l  30  PERCENT  IMPACT  HEIGHT  (Ref;  HAVORD  Report  3592) 
Llthanol  >320cm  (hipest  attaiimble) 

TNT  150  -  215cm 

Peutolite  (cast)  35cra 

HBX-1  90  -  150cm 


B.2  SHOCK  SENSITIVITY  (BOOSTER  SENSITIVITY)  (Ref; 


Llthanol  1.76  in 
TNT  1.38  in 
Pentolite  (cast)  2.64^  in 
HBX-1  1.54  in 


HAVORD  Report 


B.3  20-FT  DROP  TEST  (Ref;  NOLTR  62-150) 

Llthanol  610cm  t highest  attainable) 

TNT  6l0cm 

Pentolite  (cast)  366cm 

HBX-1  6l0cm 


no  action 
pop  and  smoke  on 
some  drops 
high  order  deto¬ 
nation 

pop  and  smoke  on 
some  drops 


B .  4  FRICTION  SEHSITr.^Y  TEST 

Tventy  samples  tested.  No  response  on  any  samples  at  the  highest 
attainable  Test  Initiation  Level  (940-lb  force). 


B.5  ELECTROSTATIC  SPARK  TEST  (Ref:  NOLTR  65-124) 

Twenty  samples  tested.  No  response  from  Llthanol  at  7500  volts, 
l.Opf  capacitor  discharge  (2.8I  x  10^  ergs)  for  metal/metal  or  metal/rubber 
electrodes.  Tiiis  is  the  highest  output  attainable  on  the  testing  machine. 
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B.6  COOK-OITF 

litiianol  did  not  explode  as  temperature  was  raised.  Melted  at  150‘'c. 
No  smoke  or  tfuriilxig  was  noted;  however,  some  fuwina  did  take  place,  pos¬ 
sibly  the  res\ilt  of  dehydration  of  the  trlhydrate.  Bolling  and  vaporiza¬ 
tion  of  Llthanol  occurred  with  temperature  oscillating  between  250  and 
450“c. 

B.7  VACITOM  STABILITY  TEST 

Test  conducted  at  100*C  under  a  partial  vacuum  of  nitrogen.  Water 
of  hydration  driven  off  during  first  hour  of  test.  For  the  next  Ud  hours, 
gassing  was  less  than  0.1  gm/ml. 

B.8  UIFFEBENTIAL  THERMAL  ANALYSIS 

Water  driven  off  at  100' C.  Slight  differential  to  260° C.  No  further 
change  throu^  400^0. 
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